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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An ion-implantation layer of a SiC semiconductor characterized by having spread in a field of field 
bearing which has an off angle with an angle [ alpha ] of less than 10 degrees from {03-38} side of 4H mold 
SiC. 

[Claim 2] Said off angle alpha is the ion-implantation layer of a SiC semiconductor according to claim 1 
characterized by being less than 5 degrees. 

[Claim 3] Said off angle alpha is the ion-implantation layer of a SiC semiconductor according to claim 1 
characterized by being less than 3 degrees. 

[Claim 4] An ion-implantation layer manufacture method characterized by to have a SiC crystal growth 
production process of growing up a SiC single crystal of 4H mold polytype, and an ion-implantation 
production process which pours ion into a SiC crystal which grew in said SiC crystal growth production 
process on seed crystal which consists of a SiC single crystal to which a field to which only less than about 
10-degree off angle alpha inclined to {03-38} side or {03-38} side was exposed. 

[Claim 5] It is the ion-implantation layer manufacture method according to claim 4 which leans from {03-38} 
side and is characterized by a ****** off angle alpha being less than 5 degrees in said SiC crystal growth 
production process. 

[Claim 6] It is the ion-implantation layer manufacture method according to claim 4 which leans from {03-38} 
side and is characterized by a ****** off angle alpha being less than 3 degrees in said SiC crystal growth 
production process. 

[Claim 7] An ion-implantation layer manufacture method given in any 1 term of claims 4-6 characterized by 
having further an annealing production process which heat-treats a SiC crystal with which ion was poured in 
according to said ion-implantation production process with temperature of 1000 degrees C or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . . 

[The technical field to which invention belongs] This invention relates to the ion-implantation layer 
manufacture method of manufacturing the ion-implantation layer and its ion-implantation layer of a SiC 
semiconductor. 

[Description of the Prior Art] In recent years, research of the compound semiconductor which consists of 
light elements, such as silicon carbide (SiC) or gallium nitride (GAN), is done briskly. Since these compound 
semiconductors are constituted by the light element, it is the feature that binding energy is strong 
consequently the forbidden-band width of face (band gap) of energy, dielectric-breakdown electric field, and 
thermal conductivity are large. The well head and the high resisting pressure power device which harnessed 
the feature of this wideband gap, the RF power device, and the elevated-temperature actuation device 
attract attention. These semiconductor devices are manufactured by ion-implantation in many cases. 

[Probiem(s) to be Solved by the Invention] However, the conventional SiC semiconductor had the trouble 
that a SiC crystal was confused in an ion-implantation production process, although the inclination to 10001 J 
sides poured ion into SiC which has less than 10-degree field bearing and was manufactured. And the 
turbulence of the crystal produced in the ion-implantation production process was difficult to recover also ir 
a subsequent annealing production process. Although the method called the hot implantation which pours lor 
into the heated sample as the technique of making min turbulence of the crystalat the time of an ion 
implantation may be adopted By this method, since it is necessary to heat the sample electrode holder of lor 
implantation equipment to an about 500-degree C elevated temperature at homogeneity When 
general-purpose ion implantation equipment was not able to be used, in the annealing production process for 
the crystal recovery performed after an ion implantation, it needed to heat-treat at the temperature 
exceeding 1000 degrees C. The hot processing which such heat treatment may bring about diffusion of an 
unexpected impurity, and is needed in the middle of a process will restrict the flexibility of a process, and th< 
flexibility of device layout. Furthermore, there was also a trouble that the crystal surface was ruined with 
high temperature processing. . • * u 

[0004] Then this invention solves the above-mentioned technical problem, and it aims at ottering the 
ion-implantation layer which reduced the dry area of the turbulence and the crystal surface of a crystal, and 
the ion-implantation layer manufacture method. 

[0005] . . 

[Means for Solving the Problem] An ion-implantation layer of a SiC semiconductor concerning this invention 
is characterized by having spread in a field of field bearing which has an off angle with an angle [ alpha J of 
less than 10 degrees from {03-38} side of the 4H mold SiC. 

[0006] Thus when an ion-implantation layer spreads in the field bearing which has an OFF angle with an 
angle [ alpha ] of less than 10 degrees from {03-38} side, an ion-implantation layer with little turbulence of a 

crystal is realizable. , , , 

[0007] Moreover as for an ion-implantation layer of the above-mentioned SiC semiconductor, it is desirable 
that the off angle alpha is less than 5 degrees, and, as for an off angle, it is still more desirable that it is less 
than 3 degrees. Turbulence of a crystal of an ion-implantation layer of a SiC semiconductor decreases, so 
that field bearing of a field where an ion-implantation layer has spread becomes close to {03-38} side. 
[0008] A SiC semiconductor manufacture method concerning this invention is characterized by to have a 
SiC crystal-growth production process of growing up a SiC single crystal of 4H mold polytype, and an 
ion-implantation production process which pours ion into a SiC crystal which grew in a SiC crystal-growth 
production process on seed crystal which consists of a SiC single crystal to which a field to which only less 
than about 10-degree off angle alpha inclined to {03-38} side or {03-38} side was exposed^ 
[0009] Thus in a SiC crystal growth production process, an inclination [ as opposed to {03-38} side in a SiC 
single crystal which grew up a SiC single crystal of 4H mold polytype on seed crystal which consists of a SiC 
single crystal to which a field to which only less than about 10-degree off angle alpha inclined to 103-38J sid< 
or {03-38} side was exposed ] has less than 10-degree field bearing. And a SiC semiconductor with little 
turbulence of a crystal can be manufactured by pouring ion into this SiC single crystal in an ion-implantation 
production process. Although an inclination to {0001} sides was conventionally manufactured by pouring ion 
into SiC which has less than 10-degree field bearing, since {0001} sides are roppo maximum **** when 
impurity ion is poured in, a crystal receives stress. For this reason, a crystal lattice had become the cause 
of being confused greatly, by ion implantation. Artificers found out that stress at the time of an inclination to 
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(03-38) side and {03-38} side being [ less than 10-degree field bearing] an ion implantation was few fields. a.< 
a result of examining field bearing of SiC wholeheartedly. This is considered that 03-38} side is because an 
atomic joint hand is the field which has appeared comparatively periodically though it is the field distant from 
the maximum ****. In order to make turbulence of a crystal in an ion-implantation production process into 
the minimum conventionally, technique called in hot implantation was adopted, but since turbulence ot a 
crystal can be reduced even if it performs an ion implantation at a room temperature according to this 
invention, it is not necessary to perform high temperature processing like before, and a problem that the 
crystal surface is ruined can be solved. . m-j-iDl ~;a~ 

[0010] Moreover, an above-mentioned SiC semiconductor manufacture method is leaned from lUJ jhj side 
in a SiC crystal growth production process, and. as for the ****** off angle alpha, it is desirable that it is 
less than 5 degrees. Furthermore, as for an OFF angle, it is desirable that it is less than 3 degrees. That is, 
field bearing of a SiC crystal which grows becomes close to {03-38} side, and its turbulence of a crystal ot a 
SiC semiconductor decreases, so that the surface of seed crystal becomes close to {03-38) side 
[001 1] Moreover, an above-mentioned SiC semiconductor manufacture method is good also considering 
having further an annealing production process which heat-treats a SiC crystal with which ion was poured in 
according to an ion-implantation production process with temperature of 1000 degrees C or less as a 

[OO^TAccording to this invention, since there is little turbulence of a crystal, a manufactured 
ion-implantation layer can set up lower than before (1000 degrees C) temperature of heat treatment in an 
annealing production process which recovers a crystal, and can realize a SiC semiconductor which reduced 
a dry area on the surface of a crystal. 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of the ion-implantation layer of the 
SiC semiconductor applied to this invention with a drawing and the ion-implantation layer manufacture 
method is explained to details. Here, on crystallography, if the mark of a lattice plane is explained, although 
"-" (bar) is to be attached on a numeric character, about a negative characteristic, a negative sign wiU be 
attached before a numeric character on account of specification creation. In addition, in explanation ot a 
drawing the same sign is given to the same element, and the overlapping explanation is omitted. 
[0014] (The 1st operation gestalt) Drawing 1 is drawing showing the SiC semiconductor 1 with which the 
ion-implantation layer 2 concerning the 1st operation gestalt was formed. The ion-implantation layer 
concerning the 1st operation gestalt is the ion-implantation layer 2 to which n type layer into which nitrogen 
(N) ion "waslnjected has spread in" {03^38} side of the 4H mold SiC -layer 3. - « u . 
[0015] The manufacture method of the ion-implantation layer 2 concerning the 1st operation gestalt is 
explained First, epitaxial growth of the (Aluminum aluminum) dope p mold 4HSiC layer 4 is carried out to the 
substrate 3 which has field bearing of 4HSiC {03-38}. the substrate 3 used here -- amelioration Rayle.gh — 
it produces by slicing and carrying out mirror polishing of the ingot which grew by law. A substrate J is p 
mold altogether, the effective acceptor density for which it asked from the capacity-voltage characteristic 
of the Schottky barrier is five to 8x101 8-/cm3, and thickness is 360-420 micrometers. The main growth 
conditions of the p mold SiC layer 4 by the CVD method are as follows The gas flow rate to introduce is set 
[ 4 / SiH/8 / 0 5sccm(s) and / C3H/ aluminum /3 / (CH3) / 0.40sccm(s) and ] to 3.0slm(s) about 
8x10-4sccm and H2, and is grown up for 90 minutes at the substrate temperature of 1520 degrees C. The 
acceptor density of the p mold SiC layer 4 which grew according to such growth conditions is six to 

8x1 01 5-/cm3, and thickness is 5 micrometers. 

[0016] Thus N ion is injected into the produced p mold SiC layer 4, and the .on-implantation layer 2 is 
formed Performing N ion implantation in four steps, 140keV(s). 80keV, 50keV, and 25keV. the total dose is 
5x1014 to 2x1016-/cm2. A box profile with a depth of about 0.4 micrometers is formed by setting the douse 
ratio of each impregnation energy to 0.48 (140keV). 0.26 (80keV). 0.18 (50keV). and 0.08 (25keV). An ion 
implantation is performed at a room temperature or 500 degrees C. and heat treatment for impregnation ion 
activation is performed on 1000-1700 degrees C and the conditions for 30 minutes in an argon gas ambient 

[OOnTNe^t the property of the ion-implantation layer 2 manufactured by the above-mentioned 
manufacture method is explained. Here, the property of the ion-implantat.on layer (henceforth (03-38) side 
bearing ion-implantation layer") 2 of having {03-38} side bearing is explained from {0001} sides as compared 
with the property of the ion-implantation layer (henceforth a {00011 side bearing ion-implantat.on layer ) 
which spreads in the field bearing which has a 8-degree off angle. It differs in that the flow rate of aluminum 
(CH3)3 introduced in case it grows up the p mold SiC layer 4 with the manufacture method of the 
above-mentioned {03-38} side bearing ion-implantation layer 2. although the manufacture method of a lUUUi) 
side bearing ion-implantation layer is fundamentally the same is 2x10-4sccm. 

[0018] First in order to evaluate the crystallinity of an ion-implantation layer, channeling measurement ot 
Rutherford back scattering (RBS) was performed. RBS measurement was measured on the conditions of 1/U 
degrees of diffusion angles using the helium2+ ion of energy 2.0MeV. Drawing 2 is drawing showing the RBS 
spectrum of the sample (before or after room temperature impregnation and 1500-degree C annealing; ot 
5x1015/cm2 of total doses. In the condition immediately after impregnation, the backscattering yield tyieldj 
of {03-38} side bearing ion-implantation layer [ a {0001} side bearing ion-implantation layer and J 2 at the 
time of a channeling [ / near the surface ] corresponds with the yield at the time of random dispersion, and 
it turns out with a nearly perfect impregnation layer that it is amorphous. By the sample which performed 
1 500-degree C annealing, crystallinity is improved and the dispersion yield at the time of a channeling (.aryne 
spectrum) is falling from the random spectrum. However, the big field bearing dependency was looked at by 
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the degree of the crystalline recovery. Even if it gives 1500-degree C annealing in a {0001} side bearing 
ion-implantation layer, the dispersion yield of an aryne spectrum is quite large, and reaches 20 - 40% of 
random yield in an impregnation layer field (about 0.4 micrometers of the surface). Therefore, the 10001 J side 
bearing ion-implantation layer of the recrystallization at the time of annealing is inadequate, and it ^turns out 
in it that many crystal defects remain. When cross-section transmission electron microscope {JEW 
observation analyzed this sample, it actually became clear that a part of 4HSiC(s) were also polycrystal-.zed 
around that 3 C-SiC grains are intermingled and this 3 C-SiC grain, and many grain boundaries and 
rearrangements were formed into 4HSiC layers which recrystallized. on the other hand in 103-38) side 
bearing ion-implantation layer 2, it turns out that the dispersion yield at the time of a channeling became 
very small (1.2% at the time of random), and a non-poured in sample and until [ comparable J crystallinity are 
recovered by annealing. It turned out that neither mixture of 3 C-SiC nor generating of a grain boundary and 
a rearrangement is observed also for cross-section TEM observation in (03-38) side bearing lon-implantatior 
layer 2 but the outstanding recrystallization advances. Since periodic POTENNSHARU peculiar to SiC has 
appeared in the surface in [03-38} side bearing ion-implantation layer 2 to many atomic misalignment 
occurring since many sites where atomic arrangement is not uniquely decided by the process of 
recrystallization exist in a {0001} side bearing ion-implantation layer, even if this is recrystallization from a 
perfect amorphous substance, it is considered very smoothly to be for recrystallization without generating o1 
a defect to progress. . 
[0019] next, the electrical property of an ion-implantation layer — Juan Dear Pau (van der Pauwj — law 
estimated. In order to start an ion-implantation layer on about 10mm square and to perform electrical 
isolation of an impregnation layer, mesa structure was produced by reactive ion etching so that 8mm angle 
of the center section might remain. Nickel (nickel: 180nm in thickness) was vapor-deposited in four corners 
of this mesa structure, and 950 degrees C and heat treatment for 20 minutes were performed. The Juan 
Dear Pau method and hall effect measurement investigated the sheet resistance of this sample, carrier 
density and mobility. Drawing 3 is drawing showing the impregnation dose dependency of the sheet 
resistance of the sample which poured in N ion at the room temperature or the 500-degree C elevated 
temperature and annealed at 1500 degrees C. In the case of a {0001} side bearing ion-.mplantation layer, the 
minimum values of sheet resistance are 420ohm/** (dose: 8x1014-/cm2) at room temperature impregnation 
in 710ohm/** (dose: 8x1 01 4-/cm2), and 500-degree C elevated-temperature impregnation. Especially in 
room temperature impregnation, if a dose exceeds 1x1015-/cm2, sheet resistance will increase. It is thought 
that this cause is because many defects remain and activation of impregnation ion is barred even if it 
performs 1 500^degree C annealing asmentioned-above if a perfect amorphous field is formed of _ 
impregnation. On the other hand, in {03-38} side bearing ion-implantation layer 2, the minimum value of sheel 
resistance became 86ohms / ** (dose: 1x1016-/cm2) by room temperature impregnation by 120ohm/** 
(dose* 5x101 5-/cm2) and 500-degree C elevated-temperature impregnation, and found that sharp reduction 
of sheet resistance was possible for room temperature impregnation and elevated-temperature impregnation 
Considering industrialization of a device, the merit of room temperature impregnation at the point of the 
throughput at the time of manufacture of ion implantation equipment, operation cost, and an impregnation 
process is large. Therefore, the meaning from which sheet resistance also with low room temperature 
impregnation was obtained is very large by using 4HSiC {03-38} side. 

[0020] Next a dose is fixed to 5x1015-/cm2, and the result of having investigated the annealing 
temperature dependency of the rate of electrical-activity-izing of the impregnation ion in an impregnation 
layer is shown in drawing 4 . Since N donor in SiC not necessarily ionized completely in the room 
temperature and did not supply the free electron, he defined the value which performed hall effect 
measurement from the room temperature to the 300-degree C elevated temperature, was all out and broke 
the sheet carrier density of a field by the dose as the rate of electrical-activity-izing. Even if it raises 
annealing temperature to 1700 degrees C, in a {0001} side bearing ion-implantation layer, the rate of 
activation does not become not much high, so that drawing 4 may show. Especially, in room temperature 
impregnation, the rate of activation has only been 10% or less. However, in {03-38} side bearing 
ion-implantation layer 2, it turns out that the rate of activation also with high room temperature 
impregnation is obtained. The high rate of activation of 84% can be attained also by the sample of room 
temperature impregnation and 1 200-degree-C annealing, and about 100% of rate of activation is obtained by 
giving 1500-degree-C annealing. Incidentally, when the sample of room temperature impregnation and 
1 200-degree-C annealing compared, in the {0001} side bearing ion-implantation layer, in 2230ohm/** and 
{03-38} side bearing ion-implantation layer 2, sheet resistance became [ sheet resistance J 180 °£ m * / **, 
and the improvement of single or more figures was found. The speed of recrystallization in 103-38) side 
bearing ion-implantation layer 2 is very quick, and it is comparatively thought also at low temperature that 
the good crystalline recovery property of about 1200 degrees C is shown. Thus, if {03-38) side bearing 
ion-implantation layer 2 is used, since n type layer of low resistance can be enough formed in a 
low-temperature process and the rate of contact resistance of an ohm nature electrode can i also be 
reduced, it is effective in formation of n mold sources, such as a cathode of a pin diode, MOSFET, MESFhT, 
and JFe't, and a drain field, and leads to implementation of a high performance SiC device. 
[0021] (The 2nd operation gestalt) The ion-implantation layer concerning the 2nd operation gestalt is an 
ion-implantation layer to which n type layer into which phosphorus (P) ion was injected has spread in 103-38 
side of the 4H mold SiC. An ion-implantation layer is formed in the SiC layer which grew up to be a 
substrate like the SiC semiconductor explained with the 1st operation gestalt by the structure of a SiC 
semiconductor where the ion-implantation layer concerning the 2nd operation gestalt is formed. Therefore, 
illustration is omitted here. 
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[0022] The manufacture method of the ion-implantation layer concerning the 2nd operation gestalt is 
explained First, epitaxial growth of the boron (B) dope p mold 4HSiC layer is carried out to the substrate 
which has field bearing of 4HSiC (03-38). the substrate used here — amelioration Rayle.gh — it produces by 
slicing and carrying out mirror polishing of the ingot which grew by law. All substrates are p molds the 
effective acceptor density for which it asked from the capacity-voltage characteristic of the bchottky 
barrier is six to 8x101 8-/cm3. and thickness is 380-420 micrometers. The main growth conditions of the p 
mold 4HSiC layer by the CVD method are as follows. The gas flow rate to introduce is set L 4 / biH/4 / 
0 50sccm(s) and / C2H/ B-2 / H6 / 0.66sccm(s) and ] to 3.0slm(s) about 6x10-6sccm and H2 and is grown 
up for 1 10 minutes at the substrate temperature of 1500 degrees C. The acceptor density of the p mold S.C 
layer which grew according to such growth conditions is three to 5x1015-/cm3, and thickness is o 

foOM^Thus, P ion is poured into the produced SiC epitaxial wafer, and an ion-implantation layer is formed. 
Performing P ion implantation in five steps. 1 80ke V(s). 1 20ke V. 80ke V, 40ke V. and 20keV . the total dose is 
5x101 5cm-2. A box profile with a depth of about 0.3 micrometers is formed by setting the douse ratio ot 
each impregnation energy to 0.42 (180keV), 0.21 (120keV), 0.13 (80keV). 010 (40keV). and 0.04 (20keV). An 
ion implantation is performed at a room temperature or 800 degrees C, and heat treatment for .mpregnat.on 
ion activation is performed on 1000-1700 degrees C and the conditions for 30 minutes in an argon gas 

[0024] n NfxT,Th P e h p!ropert^ of the ion-implantation layer manufactured by the above-mentioned manufacture 
method is explained. Here, the property of an ion-implantation layer (henceforth 103-38) side bearing 
ion-implantation layer") of having {03-38} side bearing from (0001) sides as compared with the property of 
the ion-implantation layer (henceforth a "10001) side bearing ion-implantation layer ) which spreads .n .the 
field bearing which has a 8-degree off angle is explained. It differs in that the flow rate of B-2 H6 introduced 
in case it grows up a p mold SiC layer with the manufacture method of the above-mentioned 103-38) side 
bearing ion-implantation layer, although the manufacture method of a (0001) side bearmg .on-.mplantation 
layer is fundamentally the same is 2x1 0-6sccm. 

[0025] the electrical property of an ion-implantation layer — Juan Dear Pau (van der Pauwj — law 
estimated In order to start an ion-implantation layer on about 10mm square and to perform electrical 
isolation of an impregnation layer, mesa structure was produced by reactive ion etching so that Urnm angle 
of the center section might remain. Nickel (nickel: 180nm in thickness) was vapor-deposited in four corners 
of this mesa structure, and 950 degrees C and heat treatment for 20 minutes were performed. 
[0026] Drawing 5 is "drawing showing the annealing temperature dependency of the sheet resistance ot an - 
ion-implantation layer which performed the ion implantation at the room temperature or the 800-degree C 
elevated temperature. Although sheet resistance decreased in monotone with the rise of annealing 
temperature, the big field bearing dependency was observed by the absolute value of the sheet resistance. 
In the case of the {0001} side bearing ion-implantation layer, the low sheet resistance 94-97ohm/** was 
obtained by elevated-temperature impregnation and 1 600-1 700-degree C annealing, but even if it raised 
annealing temperature in room temperature impregnation to 1 700 degrees C sheet resistance has been 
reduced only to 285ohm/**. On the other hand, in the case of {03-38} side bearing .on-.mplantat.on layer, 
the low value 67ohm/** was acquired also by room temperature impregnation and 1 200-degree-C annealing 
at 102ohm/**. room temperature impregnation, and 1 500-degree-C annealing. Moreover, in ,103-381 side 
bearing ion-implantation layer obtained by elevated-temperature impregnation, the outstanding vahje 
56ohm/** was acquired by 1 200-degree-C annealing. Thus, also in P ion implantation when 4HS.C 103-38) 
side was used, it turned out that a good low resistance n type layer can be formed with a low impregnation 
temperature or low annealing temperature. This is considered for the speed of recrystall.zat.on to be very 
quick and to be because for low temperature to also show a good crystalline recovery property 
comparatively by 4HSiC {03-38}. , 
[0027] Next the rate of contact resistance of an ohm nature electrode was evaluated using the 
above-mentioned ion-implantation layer (10mm angle), the impregnation layer surface --the electrode of 
the shape of a strip of paper with a width of face [ of 20 micrometers ]. and a length of 200 m.crometers — 
the gap of 10-200 micrometers — arranging — TLM — the rate of contact resistance of an electrode was 
measured by law. Drawing 6 is drawing (heat treatment of an electrode is fixed at 950 degrees C) showing 
the impregnation layer annealing temperature dependency of the rate of contact resistance corresponding tc 
drawing 5 The field bearing dependency, the impregnation temperature, or the annealing temperature 
dependency of the rate of contact resistance showed the same orientation as the sheet resistance ot 
drawing 5 That is, in order to obtain the about two 1x10-6ohmcm low rate of contact resistance in the 
case of a {0001} side bearing ion-implantation layer, elevated-temperature impregnation and 
elevated-temperature annealing 1500 degrees C or more are required. On the other hand, in 103 38) side 
bearing ion-implantation layer, after room temperature impregnation, if annealing 1200 degrees C or more is 
performed the about two 1x10-6ohmcm low rate of contact resistance will be obtained. In 103-38) side 
bearing ion-implantation layer which performed 1 500-degree-C annealing, the very low outstand.ng property 
of 4x10-7ohmcm2 was acquired after room temperature impregnation. This .s because the rate of activation 
of impregnation ion is high as mentioned above in respect of 4HSiC {03-38} and very high-concentration 
doping is easy. Thus, if 4HSiC {03-38} side is used, since n type layer of low resistance can be enough 
formed in a low-temperature process and the rate of contact resistance of an ohm nature electrode can 
also be reduced, it is effective in formation of n mold sources, such as a cathode of P.n diode MOSFET, 
MESFET and JFET and a drain field, and leads to implementation of a high performance SiC device. 
[0028] (The 3rd operation gestalt) The ion-implantation layer concerning the 3rd operation gestalt is an 
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ion-implantation layer to which p type layer into which aluminum (aluminum) ion was injected has spread in 
{03-38} side of the 4H mold SiC. An ion-implantation layer is formed in the SiC layer which grew up to be a 
substrate like the SiC semiconductor explained with the 1st operation gestalt by the structure of a SiC 
semiconductor where the ion-implantation layer concerning the 3rd operation gestalt is formed. Therefore, 
illustration is omitted here. 

[0029] The manufacture method of the ion-implantation layer concerning the 3rd operation gestalt is 
explained. First, epitaxial growth of the (Nitrogen N) dope n mold 4HSiC layer is carried out to the substrate 
which has field bearing of 4HSiC {03-38}. the substrate used here — amelioration Rayleigh — it produces by 
slicing and carrying out mirror polishing of the ingot which grew by law. All substrates are n molds, the 
effective acceptor density for which it asked from the capacity-voltage characteristic of the Schottky 
barrier is three to 6x1018-/cm3, and thickness is 380-400 micrometers. The main growth conditions of the 
n mold 4HSiC layer by the CVD method are as follows. The gas flow rate to introduce is set [ 4 / SiH/8 / 
0.50sccm(s) and / C3H/ 2 / 0.66sccm(s) and / N] to 3.0s1m(s) about 3x10-4sccm and H2, and is grown up 
for 90 minutes at the substrate temperature of 1520 degrees C. The donor density of the n mold 4HSiC 
layer which grew according to such growth conditions is three to 5x1015-/cm3, and thickness is 5 
micrometers. 

[0030] Thus, aluminum ion is poured into the produced SiC epitaxial wafer, and an ion-implantation layer is 
formed. Performing aluminum ion implantation in five steps, 180keV(s), 120keV, 80keV, 40keV, and 20keV, 
the total dose is 5x1015cm-2. A box profile with a depth of about 0.3 micrometers is formed by setting the 
douse ratio of each impregnation energy to 0.42 (180keV), 0.21 (120keV), 0.13 (80keV), 0.10 (40keV), and 
0.04 (20keV). An ion implantation is performed at a room temperature or 500 degrees C, and heat treatment 
for impregnation ion activation is performed on 1000-1700 degrees C and the conditions for 30 minutes in 
an argon gas ambient atmosphere. 

[0031] Next, the property of the ion-implantation layer manufactured by the above-mentioned manufacture 
method is explained. Here, the property of an ion-implantation layer (henceforth "{03-38} side bearing 
ion-implantation layer") of having {03-38} side bearing from {0001} sides as compared with the property of 
the ion-implantation layer (henceforth a "{0001} side bearing ion-implantation layer") which spreads in the 
field bearing which has a 8-degree off angle is explained. It differs in that the flow rate of N2 introduced in 
case it grows up an n mold 4HSiC layer with the manufacture method of the above-mentioned {03-38} side 
bearing ion-implantation layer, although the manufacture method of a {0001} side bearing ion-implantation 
layer is fundamentally the same is 2x10-3sccm. 

[0032] the electrical property of an ion-implantation layer — Juan Dear Pau (van der Pauw) law 

estimated. In order to start an ion-implantation layer on about 10mm square and to perform electrical 
isolation of an impregnation layer, mesa structure was produced by reactive ion etching so that 8mm angle 
of the center section might remain. Titanium/aluminum (Tirthickness 20 nm/aluminum:250nm) was 
vapor-deposited in four corners of this mesa structure, and 900 degrees C and heat treatment for 20 
minutes were performed. 

[0033] Drawing 7 is drawing showing the annealing temperature dependency of the sheet resistance of the 
impregnation layer of the sample poured in at the room temperature or the 500-degree C elevated 
temperature. Considering device application, sheet resistance is not sufficient value, although sheet 
resistance comparatively low as the SiC 3200-3800ohm/** was obtained by elevated-temperature 
impregnation and annealing which is 1600-1700 degrees C when it was the {0001} side ion-implantation layer 
in which the big field bearing dependency was observed by the absolute value of the sheet resistance, 
although it decreased in monotone with the rise of annealing temperature. Even if it raised annealing 
temperature in room temperature impregnation to 1700 degrees C, sheet resistance was very as high as 
18000ohms / **, and only the property acting as [ when producing a high performance device ] a serious 
failure was acquired. On the other hand, in the case of {03-38} side bearing ion-implantation layer, the low 
value 1240ohm/** was acquired also by room temperature impregnation and 1 200-degree-C annealing at 
2020ohm/**, room temperature impregnation, and 1 500-degree-C annealing. Moreover, in {03-38} side 
bearing ion-implantation layer, when elevated-temperature impregnation was performed, the outstanding 
value 1080ohm/** was acquired by 1 200-degree-C annealing. Thus, when 4HSiC(s) {03-38} side was used 
also in aluminum ion implantation, it turned out that a good low resistance p type layer can be formed with a 
low impregnation temperature or low annealing temperature. This is considered for the speed of 
recrystallization to be very quick and to be because for low temperature to also show a good crystalline 
recovery property comparatively by 4HSiC {03-38}. 

[0034] Next, the rate of contact resistance of an ohm nature electrode was evaluated using the 
above-mentioned ion-implantation layer (10mm angle), the impregnation layer surface — the electrode of 
the shape of a strip of paper with a width of face [ of 20 micrometers ], and a length of 200 micrometers — 
the gap of 10-200 micrometers — arranging — TLM — the rate of contact resistance of an electrode was 
measured by law. Drawing 8 is drawing showing the impregnation layer annealing temperature dependency 
(heat treatment of an electrode is fixed at 900 degrees C) of the rate of contact resistance corresponding 
to drawing 7 . The field bearing dependency, the impregnation temperature, or the annealing temperature 
dependency of the rate of contact resistance showed the same orientation as the sheet resistance of 
drawing 7 . That is, in order to obtain the two or less 5x10~6ohmcm low rate of contact resistance in the 
case of a {0001} side bearing ion-implantation layer, elevated-temperature impregnation and 
elevated-temperature annealing 1500 degrees C or more are required. On the other hand, in {03-38} side 
bearing ion-implantation layer, after room temperature impregnation, if annealing 1200 degrees C or more is 
performed, the two or less 3x10-6ohmcm low rate of contact resistance will be obtained. In {03-38} side 
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bearing ion-implantation layer which performed 1 500-degree-C annealing, the very low outstanding property 
of 8x10-7ohmcm2 was acquired after room temperature impregnation. This is because the rate of activation 
of impregnation ion is high as mentioned above in respect of 4HSiC {03-38} and very high-concentration 
doping is easy. Thus, if 4HSiC (03-38) side is used, since p type layer of low resistance can be enough 
formed in a low-temperature process and the rate of contact resistance of an ohm nature electrode can 
also be reduced, it is effective in formation of p mold base regions, such as an anode of Pin diode, MOSFET, 
and 1GBT, and leads to implementation of a high performance SiC device. 

[0035] Moreover, the atomic force microscope (AFM) investigated the surface smoothness of the surface of 
a high-dose ion-implantation layer. The measurement field was changed between 1 micrometer - 20 
micrometer angles, and Rms (mean square) estimated surface roughness. A table 1 is a table showing the 
result compared on 10 micrometer square of measurement fields. As mentioned above, aluminum ion was 
poured in 5x1015/cm2 of total doses, and annealing was performed. 
[0036] 
[A table 1] 
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150CTC 
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1700t 


(0001) 

v *7m 


0.34nm 


0.36nm 


1.48nm 


2.27nm 


6.81 nm 


(0338)H 


0.27nm 


0.28nm 


1.17nm 


1 56nm 


1.72nm 
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[0037] On the surface of a {0001} side bearing ion-implantation layer, it turns out that a Rms value becomes 
[ a Rms value ] 0.1 6nm on the surface of 0.26nm and {03-38} side bearing ion-implantation layer, a value witr 
the somewhat smaller {03-38} side bearing ion-implantation layer is acquired, and it excels in surface surface 
smoothness. In the case of the {0001} side bearing ion-implantation layer as which change was regarded 
after annealing although this Rms value hardly changed also in the condition immediately after impregnation, 
in order to form a. low resistive layer, elevated-temperature annealing 1500 degrees C or more was needed, 
but when such elevated-temperature annealing was performed, the MACROSS tetraethylpyrophosphate with 
a width of face of 0.3-0.7 micrometers was formed in the surface, and surface surface smoothness got 
worse. By the sample of the elevated-temperature impregnation from which the lowest sheet resistance was 
obtained in the {0001} side bearing ion-implantation layer, and 1 700-degree~C annealing, with the optical 
microscope, although the mirror plane was maintained, by AFM, the Rms value increased to 6.8nm and the 
clear surface dry area was observed. Formation of the MACROSS tetraethylpyrophosphate at the time of 
hot heat treatment is the phenomenon of the field proper produced in order for a SiC{0001} off side to 
reduce surface energy, and is not easy to control completely. On the other hand, in the case of {03-38} side 
bearing ion-implantation layer, the sample of the room temperature impregnation from which a low resistance 
p type layer is obtained, and 1200 - 1 500-degree-C annealing of a Rms value is also as small as 1.2-1.6nm. 
Even if it performs 1700-degree C elevated-temperature annealing, the Rms value has stopped at 1.8nm. 
Since this has not introduced the off angle in respect of 4HSiC(s) {03-38}, it is conjectured to be because 
for the low field of surface energy to already have appeared and not to lower surface energy by formation of 
the MACROSS tetraethylpyrophosphate etc. Thus, it is effective in the improvement in the engine 
performance of a device that surface surface smoothness is maintained even if it performs hot heat 
treatment in 4HSiC {03-38} side. For example, since the surface smoothness of the Schottky barrier / SiC 
interface is maintained, a good property with little leakage current is expected. Moreover, since the surface 
smoothness of an oxide film / SiC interface is also good, the effect that the insulating property of an oxide 
film improves and that carrier dispersion of an interface is reduced and the channel mobility of 
metal-oxide-semiconductor structure improves is expected. 

[0038] The device property of various semiconductor devices which applied the ion-implantation layer 
concerning this invention hereafter is explained. 

[0039] (The example of the 1st application) The 1st example which applied the ion-implantation layer is 
schottky diode. The ion-implantation layer concerning this invention was applied, and the schottky diode 10 
shown in drawing 9 was manufactured. The manufacture method of schottky diode 10 is explained. 
[0040] the substrate 1 1 used for device production — amelioration Rayleigh — it produced by slicing and 
carrying out mirror polishing of the ingot which grew by law. A substrate 1 1 is n mold altogether, the carrier 
density for which it asked by hall effect measurement is 8-9x1 01 8cm-3, and thickness is 160-210 
micrometers. In order to pass current to a lengthwise direction in this device, it is effective to use lowering 
and the thin substrate 1 1 for resistance of a substrate 1 1 . On {03-38} side of this substrate 1 1, the nitrogen 
dope n mold SiC layer 12 was grown epitaxially with the CVD method. An n mold SiC layer consists of buffer 
layer 12a and drift layer 12b, and, for buffer layer 12a, one to 5x101 7/of donor densities cm 3 and thickness 
are [ six to 8x1015/of donor densities cm 3 and the thickness of 2 micrometers and drift layer 12b ] 12 
micrometers. The main growth conditions of buffer layer 12a by the CVD method are as follows. The gas 
flow rate to introduce is set [ 4 / SiH/8 / 0.30sccm(s) and / C3H/ 2 / 0.30sccm(s) and / N] to 3.0slm(s) 
about 1x10-2sccm and H2, and is grown up for 45 minutes at the substrate temperature of 1550 degrees C. 
Moreover, the main growth conditions of drift layer 1 2b by the CVD method are as follows. The gas flow rate 
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to introduce is set [ 4 / SiH/8 / 0.50sccm(s) and / C3H/ 2 / 0.50sccm(s) and / N] to 3 -OslmCs) about 
4x10-4sccm and H2, and is grown up for 200 minutes at the substrate temperature of 1550 degrees O. 
[0041] Thus, the schottky diode 10 of the structure shown in drawing 9 was produced using the produced 
SiC epitaxial wafer. In order to control electric-field concentration in a shot key electrode edge and 
dielectric breakdown, p mold guard ring 14 with a width of face [ of 150 micrometers ] and a depth of 0.5 
micrometers was formed in the perimeter of a shot key electrode. The guard ring 1 4 was formed by the 
boron (B) ion implantation. The total dose of the energy of B ion implantation is 1.1x1 01 3-/cm^ in 
30-280keV Si02 film (5 micrometers in thickness) formed by aluminum (4 micrometers in thickness; or ovl 
was used for the mask of an ion implantation. Heat treatment for impregnation ion activation was performed 
on 1500 degrees C and the conditions for 30 minutes among the argon gas ambient atmosphere. I he 
thermal oxidation film 19 was formed by 1 150 degrees C and the wet oxidation of 2 hours after annealing, 
and the SiN film with a thickness of SOOnm was further deposited by CVD. Next, nickel (200nm in thickness) 
was vapor-deposited at the rear face, 1000 degrees C and heat treatment for 20 minutes were performed at 
it and the ohmic electrode 18 was formed in it. Subsequently, Ti/aluminum (T.:200 nm/alum.num:850nm) was 
vapor-deposited and the shot key electrode 16 was formed in the surface side. The shot key electrode 6 
made it stabilize by performing 500 degrees C and heat treatment for 30 minutes. The surface of schottky 
diode applied and protected polyimide 17. The lap of the shot key electrode 16 and the guard r.ng field 14 ,s 
20 micrometers, and the diameter of the shot key electrode 16 is 300micrometerph.-3mmphi. 
Photolithography technology was used for these guard rings 1 4 and electrode pattern formation. 
[00421 Next the property of the schottky diode 10 shown in produced drawing 9 is explained Here, the 
property of the schottky diode (henceforth "{38 [ 03-]} schottky diode ) 10 which applied {03-38} side 
bearing ion-implantation layer is explained as compared with the schottky diode (henceforth 10001} 
schottky diode") which applied the {0001} side bearing ion-implantation layer. In addition although the 
manufacture method of {0001} schottky diodes is fundamentally [ as the manufacture method of the 103-38} 
schottky diode 10 ] the same, it differs in that N2 flow rate introduced in case the point that the flow rate ol 
N2 introduced in case a buffer layer is grown up is 8x10-2sccm. and a drift layer are grown up is 

r0043l 3 Drawing 10 is drawing showing the typical current-voltage characteristic of schottky diode (Immphi). 
The field bearing dependency of the forward characteristic of a crystal was small, and the good value ot on 
resistance 3 - 4momegacm2 was acquired, the piece of a forward characteristic -- a logarithm -- the ideal 
factor N-ary calculated from the plot was 1.02-1.05. and obstruction height was set to 1.08eV with 10001 J 
schottky diodes: and it" was set to 1 .1 6eV with the {03-38} schottky diode 1 0.-Pressure-proof.ng.be^yond _ 
1500V is attained in a reverse characteristic, and, moreover, the leakage current at the time of -luuUV 
impression is also as small as about two 10-4 A/cm. Although the same diode characteristics were obtained 
also with {0001} schottky diodes for the small diode whose shot key electrode 1 6 is 300 micrometers 
phi-1mmphi degree, the big difference among both was seen for diode with a large electrode area^Qrawing 
1 1 is drawing showing the electrode area dependency of the resisting pressure (average) of the IUJ JBJ 
Schottky diode 10 and {0001} schottky diodes. About each electrode area, at least 40 diodes were measured 
and the pressure-proof average was calculated. In {0001} schottky diodes, if electrode area exceeds 7^9x10 
to 3 cm2 (Immphi), pressure-proofing will fall rapidly. On the other hand, the {03-38} schottky diode 10 1 is 
maintaining high pressure-proofing also in the electrode area of 7x10 to 2 cm2 Ommph.). Wher . ,t ^sked for 
the yield on the basis of resisting pressure 1200V for the diode of this 3mmphi, with the 03-38} schottky 
diode 10 it became 72% 13% with {0001} schottky diodes. Moreover, when diode with an electrode diameter 
phi ] of 3mm compared the average of the leak current density not only ^ pressure-proofing but the time 
of -1000V impression, with {0001} schottky diodes, with 9x10-2 A/cm2 and the {03-38} schottky diode 1 0 t 
became 3x10-4 A/cm2. and the difference of double or more figures was accepted. By using 4HSiO 
side, penetration of the micro pipe from a substrate 1 1 or a plug rearrangement is controlled, and this is 
considered to be because for the high quality SiC crystal to have been obtained Moreover, by using 4HSiC 
{03-38} side, the surface smoothness of the growth surface and the surface of the guard ring section 14 
formed by the ion implantation becomes good, and is considered that the effect that the electric-field 
concentration by the 16/SiC interface of shot key electrodes is reduced has also contributed. Although the 
guard ring 14 was formed by B ion implantation in this example of application, even when aluminum ion 
implantation is used, there is same effect. 

[0044] (The example of the 2nd application) The 2nd example which applied the ion-implantation layer is 
planar mold pn diode. The ion-implantation layer concerning this invention was applied and the planar mold 
pn diode 20 shown in drawing 12 was manufactured. The manufacture method of the planar mold pn diode 2U 

[0045] a the d substrate 21 used for device production — amelioration Rayleigh — it produced by slicing and 
carrying out mirror polishing of the ingot which grew by law. A substrate 21 is n mold altogether the carrier 
density for which it asked by hall effect measurement is 8-9x1 01 8cm-3, and thickness is 160-210 
micrometers. On {03-38} side of this substrate 21, the nitrogen dope n mold S.C layer 22 was grown 
epitaxially with the CVD method. A growth phase consists of buffer layer 22a and drift layer 22b. and, for 
buffer layer 22a. donor density 1-5x101 7cm-3 and thickness are [ donor density 1-2x1 01 5cm-3 and the 
thickness of 4 micrometers and drift layer 22b ] 76 micrometers. The main growth conditions of buffo r layer 
22a by the CVD method are as follows. The gas flow rate to introduce is set [ 4 / S.H/8 / 0.30sccm(s) and 
/ C3H/ 2 / 1 5sccm(s) and / N] to 3.0slm(s) about 8x10-2sccm and H2, and is grown up for 10 minutes 
under the substrate temperature of 1 750 degrees C. and the pressure of 1 0OTorr. Moreover, the mam 
growth conditions of drift layer 22b by the CVD method are as follows. The gas flow rate to introduce is set 
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[ 4 / SiH/8 / 15sccm(s) and / C3H/ 2 / 4.5sccm(s) and / N] to 3.0s!m(s) about 1x10-3sccm and H2 and is 
grown up for 180 minutes under the substrate temperature of 1750 degrees C, and the pressure of 100Torr. 

[0046] Here, in order to obtain high pressure-proofing, high-speed growth in an elevated temperature was 
performed so that a high grade and a thick-film growth phase could be formed in a short time. Thus, the 
planar mold pn diode 20 of the structure shown in drawing 1 2 was produced using the produced SiC epitaxial 
wafer First in order to form p mold anode 24, aluminum ion was poured in in seven steps, 720keV(sJ, 
400keV 280keV, 160keV, 80keV, 40keV, and 20keV. The total dose is 1 .3x101 5-/cm2. The dose of each 
impregnation energy 2.7x1 01 3-/cm2 (720keV) f 1 .8x1 01 3-/cm2 (400keV) and 1 .2x1 01 3-/cm2 (280keV). By 
being referred to as 1 .0x1 01 3-/cm2 (160keV), 7.2x1 01 4-/cm2 (80keV), 4.2x1 01 4-/cm2 (40keV), and 
1 3x1014-/cm2 (20keV) The doping profile from which about 0.2 micrometers of surfaces serve as a three 
or more 1 020-/cm high concentration layer among p type layers with a depth of about 0.7 micrometers was 
formed Next, in order to control electric-field concentration in p mold anode field edge, and dielectric 
breakdown, p'mold guard ring 23 with a width of face [ of 300 micrometers ] and a depth of 0.7 micrometers 
was formed in this perimeter. The guard ring 23 was also formed by aluminum ion implantation. The energy o1 
aluminum ion implantation is the same and a total dose is 1.0x1 01 3cm-2 in seven steps of 20-720keV. At 
the time of formation of a guard ring 23, it designed so that an impregnation layer might serve as a box 
profile All ion implantations were performed at the room temperature, and Si02 film (6 micrometers in 
thickness) formed by aluminum (5 micrometers in thickness) or CVD was used for the mask of an ion 
implantation. Heat treatment for impregnation ion activation was performed on 1 500 degrees C and the 
conditions for 30 minutes among the argon gas ambient atmosphere. The thermal oxidation film was formed 
by 1 150 degrees C and the wet oxidation of 2 hours after annealing, and Si02 film 30 with a thickness of 
800nm was further deposited by CVD. Next, nickel (200nm in thickness)29 was vapor-deposited at the rear 
face, nickel/aluminum (nickel:200 nm/aluminum:1 200nm)27 was vapor-deposited to the surface side, 1000 
degrees C and heat treatment for 20 minutes were performed, and the ohmic electrode 27 was formed. The 
surface of diode applied and protected polyimide 28. The size of p mold anode is 3mm angle (area 0.09cm2). 
[0047] Next the property of the planar mold pn diode 20 shown in produced drawing 12 is explained. Here, 
the property of the planar mold pn diode (henceforth "{03-38} planar mold pn diode' ) 20 which applied 
{03-38} side bearing ion-implantation layer is explained as compared with the planar mold pn diode 
(henceforth "{0001} planar mold pn diode") which applied the {0001} side bearing ion-implantation layer. In 
addition although the manufacture method of {0001} planar mold pn diode is fundamentally [ as the 
manufacture method of the {03-38} planar mold pn diode 20 ] the same, it differs inJihat N2 flow rate 
introduced in case the point that the flow rate of N2 introduced in case a buffer layer is grown up is 
6x10-1 seem, and a drift layer are grown up is 4x10-2sccm. 

[0048] Drawing 13 is drawing showing the typical current-voltage characteristic of planar mold pn diode 
(3mm angle). The field bearing dependency with clear forward direction and reverse characteristic was seen. 
If its attention is first paid to a forward characteristic, current cannot flow comparatively easily and, as for 
{0001} planar mold pn diode, electric conduction will be governed by the series resistance (on resistance) of 
about 12 momegacm2 beyond about 5A. On the other hand, for the [03-38} planar mold pn diode 20, on 
resistance was very as small as 2 - 3momegacm2, and the {03-38} planar mold pn diode 20 with which 
current increases rapidly in a field higher than the standup voltage of about 2.8 V was able to attain the high 
current 30A (333 A/cm2), by the voltage drop of 3.9V. Since what current cannot flow to easily for {0001} 
planar mold pn diode compared with {03-38} planar mold pn diode has the low rate of electrical-activity-izing 
of the high concentration p type layer formed in the surface section of p mold anode when 4HSiC {0001} was 
used it is considered to be the causes that resistance is high and that the contact resistance of the 
electrode to this p type layer is high. If 4HSiC(s) {03-38} are used, since low resistance and a high 
concentration p type layer can also form room temperature impregnation, resistance and contact resistance 
of this portion can be reduced sharply. Moreover, for the {03-38} planar mold pn diode 20, high 
pressure-proofing of 8860V was able to be obtained to pressure-proofing of {0001} planar mold pn diode 
having stopped at 5210V by the reverse characteristic. - The leakage current at the time of 4500V 
impression became 5x10-8 A/cm2 with {0001} planar mold pn diode for 3x10-5 A/cm2 and the {03-38} 
planar mold pn diode 20, and the too clear difference was seen. Moreover, when its attention was paid to the 
avalanche current at the time of dielectric breakdown, for the {03-38} planar mold pn diode 20, the stable 
property of not resulting in physical destruction of diode even if it increases current to 5A (55 A/cm2) at 
the time of dielectric breakdown was acquired. However, for the {0001} planar mold pn diode 20, when 1A (1 1 
A/cm2) was exceeded, the diode to which a rectifying characteristic gets worse remarkably by physical 
destruction occupied most. By using 4HSiC {03-38} side, penetration of the micro pipe from a substrate 21 
or a plug rearrangement is controlled, and this is considered to be because for the high quality SiC crystal tc 
have been obtained. 

[0049] Moreover, although a field bearing dependency was not looked at by especially the long-term 
reliability of the switching characteristic between +4V of the produced planar mold pn diode, and -1000V, or 
the off property (-3000V) in an elevated temperature (300 degrees C), the difference by field bearing was 
accepted in the long-term reliability of an ON property (200 A/cm2). Drawing 14 is drawing which plotted the 
forward voltage drop when continuing passing forward current 18A (200 A/cm2) for a long time to the 
{03-38} planar mold pn diode 20 and {0001} planar mold pn diode. For {0001} planar mold pn diode, a voltage 
drop began to increase from the neighborhood beyond about 3000 sec(s), and it increased from 3.6V to 4.7V 
of the first stage after 10000sec. However, for the {03-38} planar mold pn diode 20, a voltage drop is 3.7V 
and after 10000sec(s) has hardly deteriorated. In order to investigate this cause, when the diode which 
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performed the long-term reliability trial was observed with the transmission electron microscope (TEM), for 
the {0001} planar mold pn diode which deteriorated, it turned out that many stacking faults have occurred in 
[0001] sides, and that generating of such a stacking fault is not seen for the {03-38} planar mold pn diode 
20. Although the developmental mechanics of this stacking fault now is not clear, the energy emitted by 
carrier recombination at the time of a forward bias causes generating of partial dislocation in a portion with e 
large crystal distortion, and when this partial dislocation is extended in a closest packing side, it is known for 
the light emitting diode of an III— V group semiconductor that a stacking fault will be formed. Also in 10001} 
planar mold pn diode, the phenomenon same at the time of a forward bias happens, and what the stacking 
fault generated in the [0001] sides equivalent to a closest packing side is conjectured. Since Si and C atom 
are moderately intermingled in respect of this, the reason generating of such a stacking fault is controlled in 
the case of the {03-38} planar mold pn diode 20 considered that the minority carrier life fell and the forward 
voltage drop increased under the effect of this stacking fault is considered for the distortion in a 
PN-junction interface to be very small, and to be hard to generate defects, such as partial dislocation and a 
stacking fault. Moreover, since damage can remove nearly completely by annealing after an ion implantation, 
it has contributed that there is also very little aggregate of the distortion and the point defect which become 
the trigger of defective generating. In addition, although the guard ring 23 was formed by aluminum ion 
implantation in this example, even when B ion implantation is used, there is same effect. 
[0050] (The example of the 3rd application) The 3rd example which applied the ion-implantation layer is the 
N channel reversal MOSFET. The ion-implantation layer concerning this invention was applied, and the N 
channel reversal MOSFET 40 shown in drawing 1 5 was manufactured. The manufacture method of the N 
channel reversal MOSFET 40 is explained. 

[0051] the used substrate 41 — amelioration Rayleigh — it produced by slicing and carrying out mirror 
polishing of the ingot which grew by law. A substrate 41 is p mold altogether, the effective acceptor density 
for which it asked from the capacity-voltage characteristic of the Schottky barrier is three to 5x1018-/cm3, 
and thickness is 380-420 micrometers. To {03-38} side of this substrate 1 1 , the boron dope p mold SiC layer 
42 was grown epitaxially with the CVD method. The acceptor density of the p mold SiC growth phase 42 is 
five to 8x1015-/cm3, and thickness is 4 micrometers. The growth conditions of the p mold SiC layer 42 by 
the CVD method are as follows. The gas flow rate to introduce is set [ 4 / SiH/8 / 0.50sccm(s) and / C3H/ 
B-2 / H6 / 0.66sccm(s) and ] to 3.0slm(s) about 1x10-5sccm and H2, and is grown up for 100 minutes at 
the substrate temperature of 1500 degrees C. 

[0052] Thus, the N channel reversal mold MOSFET 40 of the structure shown in drawing 15 was produced 
using the produced SiC epitaxial wafer.-First, RCA washing of the sample- was carried out, and after carrying 
out HF DIP, gate oxide 48 was formed by wet oxidation. Oxidation conditions are 1 100 degrees C and 25 
minutes. The thickness of gate oxide 48 is 46-53nm. An argon ambient atmosphere and annealing for 30 
minutes were performed at the same temperature as oxidation after wet oxidation. 

[0053] Next, with the reduced pressure CVD method which used SiH4 for material gas, Polycrystal Si (1.6 
micrometers in thickness) was deposited at 700 degrees C, phosphorus (P) was diffused at 900 degrees C 
using POCI3, and the low resistance n mold polycrystal Si was formed. Patterning of this polycrystal Si was 
carried out to four by reactive ion etching usingOCF2 gas, and the polycrystal Si gate 47 with a width of 
face [ of 4 micrometers ] and a width of face of 200 micrometers was formed. Then, nitrogen (N) ion was 
poured into the mask for this polycrystal Si gate electrode, and the source field 44 and the drain field 43 
were formed. Performing N ion implantation in four steps, 120keV(s), 70keV, 40keV, and 25keV, the total 
dose is 2x101 5-/cm2. The ion implantation was performed at the room temperature and heat treatment for 
impregnation ion activation was performed on 1200 degrees C and the conditions for 30 minutes among the 
argon gas ambient atmosphere. 

[0054] Next, titanium/aluminum (Ti:30nm, aluminum:250nm) was formed as the source electrode 46 and a 
drain electrode 45, and heat treatment for 30 minutes was performed at 850 degrees C. Photolithography 
technology was used for patterning of these masks for alternative ion implantations and electrode metals. 
The self-align process used here is effective not only in reduction of the number of masks of device 
production, and reduction of a routing counter but reduction of the parasitic capacitance between 
detailed-izing of a device, and a gate drain, and between the gate sources. 

[0055] Next, the property of the N channel reversal MOSFET 40 shown in produced drawing 1 5 is explained. 
Here, the property of the N channel reversal (henceforth "{03-38} N-channel reversal MOSFET ) MOSFET 
40 which applied {03-38} side bearing ion-implantation layer is explained as compared with the N channel 
reversal MOSFET (henceforth "the {0001} N-channel reversal MOSFET") which applied the {0001} side 
bearing ion-implantation layer. In addition, although the manufacture method of the {0001} N-channel 
reversal MOSFET is fundamentally [ as the manufacture method of {03-38} N-channel reversal MOSFET 40 
] the same, the point that the flow rate of B-2 H6 introduced in case a p mold SiC layer is grown up is 
4x10-6sccm differs from the point that the conditions of annealing after wet oxidation are 1 150 degrees C 
and 2 hours. When they use {03-38} side, the conditions of annealing differ compared with the case where 
{0001} sides are used, because the oxidation rate is very quick. 

[0056] Drawing 16 is drawing showing the typical gate property (linearity field of drain voltage 0.1V) of 
MOSFET. As shown in drawing 1 6 , the linearity field and saturation region of produced MOSFET clear in a 
drain property were seen, and the actuation as an MOSFET was checked. Even if the {0001} N-channel 
reversal MOSFET shows high threshold voltage called 9.8V and increases gate voltage to 15V, dram current 
has stopped below at ImicroA. On the other hand, {03-38} N-channel reversal MOSFET 40 had threshold 
voltage as low as 4.4V, and the good property that drain current starts steeply to increase of gate voltage 
was acquired. The effective channel mobility in the linearity field for which it asked from this gate property 
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was able to attain one about 20 times the high channel mobility of this by being set to 2/Vs 86cm 4.5cm by 
the {0001} N-channel reversal MOSFET by 2/Vs and (03-38) N-channel reversal MOSFET 40, and using 
4HSiC(s) {03-38} The electric field effect mobility for which it asked in the saturation region also became 
72cm2/Vs by the (0001} N-channel reversal MOSFET by 3.1cm2/Vs and {03-38} N-channel reversal 
MOSFET 40, and the big difference was seen. 

[0057] The difference arising from field bearing of this MOSFET property is mainly based on three causes. 
One is the difference in the quality of an MOS interface. The capacity-voltage characteristic rf anMOS 
capacitor and the temperature characteristic of MOSFET show that the defect density of an MOS interface 
is figure [ single / about ] fewer than 4HSiC(s) {0001} side in respect of 4HSiC(s) {03-38}. Therefore, in 
{03-38} N-channel reversal MOSFET 40, since neither an electronic trap nor dispersion can take place easily 
in an inversion layer, high channel mobility is obtained. The second reason is the difference in the; surface 
smoothness of an MOS interface. If the ion implantation of high douse is carried out to 4HSiC 10001} side 
and annealing is performed as mentioned above, the MACROSS tetraethylpyrophosphate will occur and 
surface surface smoothness will get worse. Since the surface smoothness which was excellent in respect of 
4HSiC(s) {03-38} to which channel mobility also falls even if it performed the ion implantation of high douse 
and annealing will be maintained if it is sensitive to the surface smoothness of such an MOS interface and 
surface smoothness gets worse, since an MOS inversion layer channel is very thin, high channel mobility is 
obtained Another reason is the contact resistance of the source field 44 and an ohm nature electrode. As a 
result of evaluating the test pattern produced on the wafer same at the time of production of the N channel 
reversal MOSFET, it turned out that the sheet resistance of n mold source field formed in this process is 
210ohm/** in respect of 4HSiC(s) {0001} in respect of 2300ohm/**, and 4HSiC {03-38} Moreover, the rate 
of contact resistance to this source field 44 was 3x10-6ohmcm2 in respect of 4HSiC(s) {0001} in respect of 
8x10-4ohmcm2 and 4HSiC {03-38}. Thus, it has also contributed greatly by using 4HSiC {03-38} side that 
the parasitism resistance component has been reduced single or more figures to improvement in the 
above-mentioned MOSFET property. Conventionally, in the device process of SiC, since the annealing 
temperature which activation and damage reduction of an ion-implantation layer take is higher than the 
melting point (1420 degrees C) of Si, application of a self-align process has been made difficult. However, 
since room temperature impregnation also reduced the annealing temperature after an ion implantation 
sharply by using 4HSiC {03-38} side, even if it adopted the self-align process, it turned out that 
high-performance MOS FET is producible. Although the N channel reversal MOSFET was described, if the 
activity of 4HSiC(s) {03-38} side uses very effective 4HSiC(s) {03-38} side and uses a low-temperature 
ion-implantation process-also for the P channel reversal MOSFET which forms a source field and a drain 
field and production of a CMOS device by aluminum ion implantation here, implementation of 
elevated-temperature actuation high-speed integrated circuits, such as a detailed CMOS logic gate and an 
operational amplifier, is possible. 

[0058] (The example of the 4th application) The 4th example which applied the ion-implantation layer is N 
channel vertical mold DKDouble Implanted) MOSFET. The ion-implantation layer concerning this » nv e n tion 
was applied and the N channel vertical mold DIMOSFET50 shown in drawing 1 7 was manufactured. Although 
Si power metal-oxide semiconductor field effect transistor of a vertical mold is produced by processes, such 
as double diffusion, in SiC, ion-implantation technology becomes indispensable forming p mold well, n mold 
source etc With this structure, pressure-proofing is maintained by the pn junction of n mold drift layer 
formed with p mold field formed by the ion implantation, and epitaxial growth. The manufacture method of the 
N channel vertical mold DIMOSFET50 is explained. . 
[0059] the substrate 51 used for device production — amelioration Rayleigh — it produced by slicing and 
carrying out mirror polishing of the ingot which grew by law. A substrate 51 is n mold altogether, the carrier 
density for which it asked by hall effect measurement is eight to 9x1018-/cm3, and thickness is 160-210 
micrometers In order to pass current to a lengthwise direction in this device, it is effective to use lowering 
and the thin substrate 51 for resistance of a substrate 51. On {03-38} side of this substrate 51, the nitrogen 
dope n mold SiC layer 52 was grown epitaxially with the CVD method. A growth phase consists of buffer 
layer 52a and drift layer 52b, and, for buffer layer 52a, donor density 1-5x1 01 7cm-3 and thickness are 
donor density 5-6x1015cm-3 and the thickness of 2 micrometers and drift layer 52b ] 18 micrometers. The 
main growth conditions of buffer layer 52a by the CVD method are as follows. The gas flow rate to introduce 
is set [ 4 / SiH/8 / 0.30sccm(s) and / C3H/ 2 / 0.30sccm(s) and / N] to 3.0slm(s) about 1x10-2sccm and 
H2 and is grown up for 45 minutes at the substrate temperature of 1550 degrees C. Moreover, the main 
growth conditions of drift layer 52b by the CVD method are as follows. The gas flow rate to introduce is set 
[ 4 / SiH/8 / 0.50sccm(s) and / C3H/ 2 / 0.40sccm(s) and / N] to 3.0slm(s) about 2x10-4sccm and H2, and 
is grown up for 250 minutes at the substrate temperature of 1550 degrees C. 

[0060] Thus, the vertical mold DIMOSFET50 of the structure shown in drawing 1 7 was produced using the 
produced SiC epitaxial wafer. First, aluminum (aluminum) ion was poured in and p mold well field 53 of a deptl 
of 0 7 micrometers, acceptor density 0.5 [ about ] - 3x1017-/cm3 was formed. Performing aluminum ion 
implantation in six steps, 560keV(s), 420keV, 300keV, 180keV, 100keV, and 50keV, the total dose is 
1 4x1 01 3-/cm2. At this time, in order to obtain channel mobility high [ that three or more 1 01 7/cm density 
and a shallow field reduce the threshold voltage for obtaining an n-type inversion layer ] in order that the 
deep field of p mold well 53 may ease electric-field concentration near the cementation, it designed and 
produced so that it might become the dopant density of three l'016-/cm. 

[0061] Next, for formation of the source field 54 and the drain field 55, phosphorus (P) ion was poured in anc 

the low resistance n mold field was produced. Performing P ion implantation in four steps, 180keV(s), 

1 10keV, 60keV, and 30keV, the total dose is 2x1015-/cm2. Both ion implantations were performed at the 
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room temperature. Moreover, in order to control dielectric breakdown in a device edge, p mold guard ring 
with a width of face [ of 250 micrometers ] and a depth of 0.7 micrometers was prepared in the perimeter of 
an active region. The guard ring was formed by the boron (B) ion implantation. The total dose of the energy 
of B ion implantation is 1.2x1 01 3cm-2 in 30-360keV. Si02 film (6 micrometers in thickness) formed by 
aluminum (5 micrometers in thickness) or CVD was used for the mask of an ion implantation. Heat treatment 
for impregnation ion activation was performed on 1500 degrees C and the conditions for 30 minutes among 
the argon gas ambient atmosphere. Channel length is 2 micrometers and a eel pitch (stripe geometry) is 22 
micrometers. 

[0062] Next, RCA washing of the sample was carried out, and after carrying out HF DIP, gate oxide 58 was 
formed by dry oxidation. Oxidation conditions are 1150 degrees C and 25 minutes, and the thickness of the 
gate oxide formed is 44-5 1nm. 

[0063] The polycrystal Si with a thickness of about 1 micrometer was deposited at the substrate 
temperature of 850 degrees C with the reduced pressure CVD method after this gate oxidation, phosphorus 
was doped by 850-degree C diffusion, and the low resistance n mold polycrystal Si was formed. Next, by 
reactive ion etching, this polycrystal Si was etched partially and the gate electrode 60 was produced. Next, 
Si02 film 60 for the insulation between gate drains (about 0.8 micrometers in thickness) was deposited by 
the plasma-CVD method with a substrate temperature of 500 degrees C. Then, nickel (nickel: 200nm) was 
vapor-deposited all over the rear face, and it considered as the drain electrode 59. To the source electrode 
56 by the side of the surface, good ohmic contact was acquired using nickel/aluminum (nickel:100 
nm/aluminum:400nm) by performing heat treatment for 15 minutes for both electrodes at 950 degrees C. 
Photolithography technology was used for patterning of these masks for alternative ion implantations and 
electrode metals. The area of the active region of this vertical mold MOSFET 50 is 9x10 to 2 cm2 (3mm 
angle). 

[0064] Next, the property of the N channel vertical mold DIMOSFET50 shown in produced drawing 1 7 is 
explained. Here, the property of the N channel vertical mold DIMOSFET(henceforth "[03-38} N-channel 
vertical mold DIMOSFET") 50 which applied {03-38} side bearing ion-implantation layer is explained as 
compared with the N channel vertical mold DIMOSFET (henceforth "the {0001} N-channel vertical mold 
DIMOSFET") which applied the {0001} side bearing ion-implantation layer. In addition, although the 
manufacture method of the {0001} N-channel vertical mold DIMOSFET is fundamentally [ as the manufacture 
method of [03-38} N-channel vertical mold DIMOSFET50 ] the same It differs in that the oxidation 
conditions for forming the point that the flow rate of N2 introduced in case the point that the flow rate of 
N2 introduced in case a buffer layer is grown up is 8x10-2scem, and a drift layer-are-grown up is 
2x10-3sccm, and gate oxide are 1150 degrees C and 3 hours. 

[0065] Drawing and drawing 19 which show the typical drain property of the vertical mold [ in / in drawing 18 
/ a low drain voltage field ] DIMOSFET (3mm angle) are drawing showing the typical drain property of the 
vertical mold DIMOSFET in a high drain voltage field (3mm angle). Although a clear linearity field and a clear 
saturation region were seen and both the {0001} N-channel vertical mold DIMOSFET and {03-38} N-channel 
vertical mold DIMOSFET50 operated as an MOSFET, the too big difference was looked at by the property. 
Even if the {0001} N-channel vertical mold DIMOSFET increases gate voltage to 15V, drain current has 
stopped at 500mA or less. On the other hand, the drain current more than 9A (100 A/cm2) flowed on 
comparatively small gate voltage and drain voltage, and {03-38} N-channel vertical mold DIMOSFET50 
attained 9A (100 A/cm2) by drain voltage 3.4V, when it was gate voltage 15V. When on resistance was 
estimated from this property, it was set to 34momegacm2, and the very good value was acquired. 
Incidentally, in the {0001} N-channel vertical mold DIMOSFET, on resistance was as large as 
970momegacm2. On the other hand, it is because MOS channel mobility improved sharply by using 4HSiC(s) 
{03-38} for one that whose on resistance was small in {03-38} N-channel vertical mold DIMOSFET50. Both 
reduction of the defect density of an MOS interface and the outstanding surface smoothness have 
contributed to improvement in this channel mobility. In the {0001} N-channel vertical mold DIMOSFET, since 
channel mobility is very low, on resistance will be governed by not resistance of a drift region but MOS 
channel resistance. Moreover, the second important reason is the differences of the contact resistance of 
the source field 54 and an ohm nature electrode. As a result of evaluating the test pattern formed on the 
wafer same at the time of production of the N channel vertical mold DIMOSFET, it turned out that the sheet 
resistance of n mold source field formed in this process is 1 10ohm/** in respect of 4HSiC(s) {0001} in 
respect of 1260ohm/**, and 4HSiC {03-38}. Moreover, the rate of contact resistance to this source field 
was 3x10-6ohmcm2 in respect of 4HSiC(s) {0001} in respect of 9x10-4ohmcm2 and 4HSiC {03-38}. Thus, it 
has also contributed greatly by using 4HSiC {03-38} side that the parasitism resistance component has been 
reduced single or more figures to improvement in the above-mentioned MOSFET property. 
[0066] Next, when the drain pressure-proofing at gate voltage 0 V:00 (OFF state) was investigated about 
DIMOSFET of this 3mm angle, it is 1720V and {03-38} with the {0001} N-channel vertical mold DI MOSFET. H 
was set to 2680V with the N channel vertical mold DIMOSFET50, and the big difference was seen. This is 
considered to be because for the defect density, especially micro pipe density of 52 in a SiC epitaxial growth 
phase which becomes a device active region by using 4HSiC(s) {03-38} to have been reduced. {03-38} 
N-channel vertical mold of this 3mm angle At DIMOSFET50, the ON state current more than 10A was able 
to be passed by gate voltage 15V and drain voltage 3.8V. 

[0067] (The example of the 5th application) The 5th example which applied the ion-implantation layer is RF 
MESFET. The ion-implantation layer concerning this invention was applied, and RF MESFET70 shown in 
drawing 20 was manufactured. The manufacture method of RF MESFET70 is explained. 
[0068] the used substrate 71 — amelioration Rayleigh — it produced by slicing and carrying out mirror 
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polishing of the ingot which grew by law. The resistivity which a substrate 71 is the high resistance wafer 
produced with undoping growth, and was estimated from the current-voltage characteristic is 106-ohmcm, 
and thickness is 280-320 micrometers. Field bearing of a substrate 71 is [03-38}. On this substrate 71 , 
buffer layer 72a of undoping and (Nitrogen N) dope n-type channel layer 72b were continuously grown 
epitaxially with the CVD method. For the effective donor density of buffer layer 72a, three or less 
1x1014-/cm and thickness are [ 3x1017/cm3 and the thickness of the donor density of 5 micrometers and 
a channel layer ] 0.2 micrometers. The main growth conditions of buffer layer 72a by the CVD method are as 
follows The gas flow rate to introduce is set [ 4 / SiH/8 / 0.30sccm(s) and / C3HJ to 3.0slm(s) about 
0 50sccm(s) and H2, and is grown up for 120 minutes at the substrate temperature of 1520 degrees C. 
Moreover the main growth conditions of channel layer 72b by the CVD method are as follows. The gas^flow 
rate to introduce is set [ 4 / SiH/8 / 0.15sccm(s) and / C3H/ 2 / 0.10sccm(s) and / N] to 3.0slm(s) about 
2x10-2sccm and H2, and is grown up for 10 minutes at the substrate temperature of 1520 degrees C 
[0069] Thus, RF MESFET70 of the structure shown in drawing 20 was produced using the produced SiC 
epitaxial wafer. First, aluminum (1.5 micrometers in thickness) formed by vacuum evaporationo an ^ the 
photolithography was used for the mask, and the slot for isolation was formed by reactive ion etching (Rib). 
SF6 and 02 were used for etching gas, and they were performed to RIE on condition that pressure 0.08Torr 
and high-frequency power 120W. The etch rates at this time are about 60 nm/min, and formed the slot with 
a depth of about 1.2 micrometers by etching for 20 minutes. Next, by carrying out patterning of the 
aluminum mask used for this RIE, it considered as the mask for ion implantations, nitrogen (N) ion was 
poured in and the source field 74 of a low resistance n mold and the drain field 73 were formed. Performing 
N ion implantation in four steps, 70keV(s), 40keV, 25keV, and 10keV, the total dose is 3x1 01 5-/cm2. The ion 
implantation was performed at the room temperature and heat treatment for impregnation ion activation was 
performed on 1 200 degrees C and the conditions for 30 minutes among the argon gas ambient atmosphere. 
Furthermore, after vapor-depositing nickel (nickel:200nm) as an ohm nature electrode of the source field 74 
and the drain field 73 and forming a pattern according to a lift-off process, 900 degrees C and heat 
treatment for 10 minutes were added. 

[0070] Next, the detailed shot key gate electrode 77 was formed using electron beam lithography and a 
lift-off process. After forming an electrode 77 in a gate electrode material using titanium / platinum / gold 
(Ti-IOnm Pt:120nm, Au:350nm), 400 degrees C and heat treatment for 20 minutes were performed, and 
stabilization of the shot key electrode 77 was attained. After depositing aluminum with a thickness of 800nm 
on the source electrode 76 and the drain electrode 75, according to the process used by production of 
Ga AsMESFET, the air bridge of Au-was produced and the source finger was connected. For the gate length 
of produced RF MESFET70, 0.4 micrometers and gate width are [ 0.4 micrometers and the distance between 
gate drains of 900 micrometers and the distance between the source gates ] 1.2 micrometers. 
[0071] Next the property of RF MESFET70 shown in produced drawing 20 is explained. Here, the property of 
RF MESFET(henceforth "[03-38) RF MESFET") 70 which applied {03-38} side bearing ion-implantation layer 
is explained as compared with RF MESFET (henceforth "{0001} RF MESFET") which applied the {0001} side 
bearing ion-implantation layer. In addition, although the manufacture method of {0001} RF MESFET is 
fundamentally [ as the manufacture method of {03-38} RF MESFET70 ] the same, it differs in that the flow 
rate of N2 introduced in case a channel layer is grown up is 1x10-3sccm. 

[0072] The linearity field and saturation region of produced RF MESFET clear in a drain property were seen 
and the actuation as MESFET was checked. The typical drain property of MESFET is shown in drawing 21 (a) 
and (b). If the mutual conductance gm used as the engine-performance index of the direct-current property 
of MESFET is estimated, it sets on the conditions of gate voltage 0V and drain voltage 10V, and is 
gm=74mS/mm at {0001} RF MESFET in 58 mS/mm and gm={03-38} RF MESFET70. It became. This 
difference is mainly considered to originate in the difference of the contact resistance of the source field 64 
and an ohm nature electrode. As a result of evaluating the test pattern produced on the wafer same at the 
time of production of RF MESFET, it turned out that the sheet resistance of n mold source field formed in 
this process is 186ohm/** in respect of 4HSiC(s) {0001} in respect of 1830ohm/**, and 4HSiC {03-38} 
Moreover the rate of contact resistance to this source field was 3x10-6ohmcm2 in respect of 4HSiC(s) 
{0001} in respect of 8x10-4ohmcm2 and 4HSiC {03-38}. Thus, it has also contributed greatly by using 4HSiC 
{03-38} side that the parasitism resistance component has been reduced single or more figures to 
improvement in the above-mentioned MESFET property. The drain pressure-proofing at the time of OFF 
was 1 55V in {0001 } RF MESFET at 1 20 V and {03-38} RF MESFET70. By using 4HSiC {03-38} side, 
penetration of the micro pipe from a substrate 71 or a plug rearrangement is controlled, and this is 
considered to be because for the high quality SiC crystal to have been obtained. Moreover, by using 4HSiC 
{03-38} side, the surface smoothness on the surface of growth becomes good, and is considered that the 
effect that the electric-field concentration by the 77/SiC interface of shot key electrodes is reduced has 
also contributed. 

[0073] Next the result of having evaluated the RF property of this MESFET by the microwave measuring 
device of an on-wafer is shown in drawing 22 . By {0001} RF MESFET which asked for the cut-off frequency 
ft and the maximum frequency of oscillation fmax when testing on condition that dram voltage 50V, by 
ft=6 2GHz, and 16GHz and fmax={03-38} RF MESFET70, it was estimated as ft=16GHz and fmax-43GHz ( and 
the property excellent in the direction of {03-38} RF MESFET was acquired. Moreover, as a result of 
performing a performance test with a frequency of 3GHz, the highest power density became by J0001} RF 
MESFET in 2.1 W [ mm ] (total power 1.8 W) /, and became in 3.4W (total power 3.1 W)/mm by {03-38} RF 
MESFET70, and the output with too higher {03-38} RF MESFET was obtained. Thus, the RF property which 
was excellent by using 4HSiC {03-38} side was acquired as mentioned above because parasitism resistance 
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of the contact resistance of the source field 74 and an ohm nature electrode etc. decreased sharply. 
[0074] (The example of the 6th application) The 6th example which applied the ion-implantation layer is the 
schottky diode of super junction (SJ) structure. The ion-implantation layer concerning this invention was 
applied, and the schottky diode 80 of SJ structure shown in drawing 23 was manufactured. The schottky 
diode of SJ structure is explained. In Si power device, multilayer pn junction is perpendicularly formed with 
SJ structure to having realized the OFF state (maintenance of high pressure-proofing) using single pn 
junction or the reverse bias condition of the Schottky barrier with the direction where the high voltage is 
impressed to n mold field of the usual pn junction (or Schottky barrier). In an OFF state, since these 
multilayer pn junction becomes a reverse bias mutually, a depletion layer spreads two-dimensional. If the 
space charge distribution in a depletion layer is appropriately designed at this time, electric-field distribution 
in a drift region will be made to homogeneity. Consequently, even if it uses the low resistive layer which 
performed high concentration doping comparatively, high pressure-proofing can be maintained, and the 
power device of high pressure-proofing and low on resistance can be realized. Although this SJ structure 
was advocated for many years, since the technology produced with sufficient control of multilayer pn 
junction was not established those days, utilization was not carried out. Precision control of formation of 
such multilayer pn junction and space charge distribution is attained, and utilization is advanced by progress 
of the latest semiconductor processing technology in the field of Si power metal-oxide semiconductor field 
effect transistor. It is clear that this SJ structure is effective also to SiC. 

[0075] Next, the manufacture method of the schottky diode of SJ structure is explained, the substrate 81 
used for device production — amelioration Rayleigh — it produced by slicing and carrying out mirror 
polishing of the ingot which grew by law. A substrate 81 is n mold altogether, the carrier density for which it 
asked by hall effect measurement is one to 2x1019-/cm3, and thickness is 160-210 micrometers. In order 
to pass current to a lengthwise direction in this device, it is effective to use lowering and the thin substrate 
81 for resistance of a substrate 81. On [03-38} side of this substrate 81, the nitrogen dope n mold SiC layer 
was grown epitaxially with the CVD method. A growth phase consists of a buffer layer 82 and a drift layer 83 
and, for a buffer layer 82, one to 5x1017/of donor densities cm 3 and thickness are [ 4x1016/of donor 
densities cm 3 and the thickness of 2 micrometers and the drift layer 83 ] 3.5 micrometers. The main growth 
conditions of the buffer layer 82 by the CVD method are as follows. The gas flow rate to introduce is set [ 4 
/ SiH/8 / 0.30sccm(s) and / C3H/ 2 / 0.30sccm(s) and / N] to 3.0slm(s) about 1x10-2sccm and H2, and is 
grown up for 45 minutes at the substrate temperature of 1520 degrees C. Moreover, the main growth 
conditions of the drift layer 83 by the CVD method are as follows. The gas flow rate to introduce is set [ 4 / 
SiH/8 / ■0:50sccm(s) and / C3H/ 2 / 0:50sccm(s) and / N] to 3.0slm(s) about 2x1 0-3sccm and H2, and is . 
grown up for 60 minutes at the substrate temperature of 1520 degrees C. 

[0076] Si02 film with a thickness of 6 micrometers was deposited with the reduced pressure CVD method 
on this SiC epiwafer. On this Si02 film, aluminum was vapor-deposited and the pattern of the shape of a 
stripe with a width of face of 2 micrometers was formed by the photolithography. Si02 film was alternatively 
etched by reactive ion etching using CF4 and02 gas by using this aluminum pattern as a mask. Next, high 
energy ion injection was performed by having used as the mask Si02 film processed into the stripe-like 
pattern, and a part of n mold growth phase (drift layer) 83 was changed into p mold. Deep p mold field 83a 
which penetrates a growth phase by high energy ion injection was formed. Impregnation ion is aluminum* and 
the total dose of impregnation energy is 3x1013-/cm2 in 15 steps of 30keV-6500keV. Sample heating at the 
time of an ion implantation is not performed. Heat treatment for impregnation ion activation was performed 
on 1600 degrees C and the conditions for 30 minutes among the argon gas ambient atmosphere. Of this ion 
implantation, acceptor density serves as p mold (a depth of about 3.5 micrometers) of about 4x1016-/cm3, 
and, as for the impregnation field of the shape of a stripe of 2 micrometers of ****, SJ structure is formed. 
[0077] Thus, the SJ schottky diode 80 of the structure shown in drawing 23 was produced using the SiC 
epitaxial wafer which has produced SJ structure. First, in order to control electric-field concentration in a 
shot key electrode edge, and dielectric breakdown, p mold guard ring 84 with a width of face [ of 150 
micrometers ] and a depth of 0.5 micrometers was formed in the perimeter of a shot key electrode. The 
guard ring 84 was formed by the boron (B) ion implantation. The total dose of the energy of B ion 
implantation is 1 .1 x1 01 3-/cm2 in 30-280keV. Si02 film (5 micrometers in thickness) formed by aluminum (4 
micrometers in thickness) or CVD was used for the mask of an ion implantation. Heat treatment for 
impregnation ion activation was performed on 1 500 degrees C and the conditions for 30 minutes among the 
argon gas ambient atmosphere. The thermal oxidation film 87 was formed by 1 150 degrees C and the wet 
oxidation of 2 hours after annealing, and the SiN film 88 with a thickness of 800nm was further deposited by 
CVD. 

[0078] Next, nickel (200nm in thickness) was vapor-deposited at the rear face, 1000 degrees C and heat 
treatment for 20 minutes were performed at it, and the ohmic electrode 90 was formed in it. Then, 
Ti/aluminum (Ti:200 nm/aluminum:850nm) was vapor-deposited and the shot key electrode 86 was formed in 
the surface side. The shot key electrode 86 made it stabilize by performing 500 degrees C and heat 
treatment for 30 minutes. The surface of diode applied and protected polyimide 89. The lap of the shot key 
electrode 86 and a guard ring 84 is 20 micrometers, and the diameter of the shot key electrode 86 is 
3mmphi. 

[0079] Next, the property of the SJ schottky diode 80 shown in produced drawing 23 is explained. Here, the 
property of the SJ schottky diode (henceforth "{03-38} SJ schottky diode") 80 which applied {03-38} side 
bearing ion-implantation layer is explained as compared with SJ schottky diode (henceforth {0001} SJ 
schottky diode") which applied the {0001} side bearing ion-implantation layer. In addition, although the 
manufacture method of {0001} SJ schottky diode is fundamentally [ as the manufacture method of the 
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{03-38} SJ schottky diode 80 ] the same, it differs in that the flow rate of N2 introduced in case the point 
that the flow rate of N2 introduced in case a buffer layer 82 is grown up is 8x1 0-2sccm, and the drift layer 
83 are grown up is 1x10-2sccm. 

[0080] Drawing 24 is drawing showing the typical current-voltage characteristic of SJ schottky diode 
(3mmphi). The field bearing dependency of the forward characteristic of a crystal was small, and the good 
value of on resistance 0.5 - 0.7momegacm2 was acquired, the piece of a forward characteristic — a 
logarithm — the ideal factor n values calculated from the plot are 1.02-1.05, and obstruction height was set 
to 1.1 8eV with 1.09eV and the [03-38} SJ schottky diode 80 with (0001) SJ schottky diode. On the other 
hand, the big difference was looked at by used field bearing in the reverse characteristic. With {0001} SJ 
schottky diode, the property in which 764V and average pressure-proofing were set to 612V, and the 
highest pressure-proofing was excellent was acquired with the {03-38} SJ schottky diode 80 to 580V and 
average pressure-proofing having stopped [ the highest pressure-proofing ] at 362V. Moreover, when diode 
with an electrode diameter [ phi ] of 3mm compared the average of the leak current density not only at 
pressure-proofing but the time of -300V impression, with {0001} SJ schottky diode, with 3x10-1 A/cm2 and 
the {03-38} SJ schottky diode 80, it became 1x10-4 A/cm2, and the difference of triple or more figures was 
accepted. By using 4HSiC {03-38} side, penetration of the micro pipe from a substrate 81 or a plug 
rearrangement is controlled, and this is considered to be because for the high quality SiC crystal to have 
been obtained. Moreover, by using 4HSiC {03-38} side, the surface smoothness of the growth surface, the 
S J section formed of the ion implantation, and the guard ring 84 section becomes good, and is considered 
that the effect that the electrode concentration by the shot key electrode / SiC interface is reduced has 
also contributed. In this example, although the guard ring 84 was formed by B ion implantation, even when 
aluminum ion implantation is used, there is same effect. If SJ structure formed of the ion implantation is 
applied to 4HSiC(s){03-38} MOSFET, the power transistor which was excellent in high pressure-proofing and 
low loss is realizable. 

[0081] As mentioned above, although the operation gestalt of this invention has been explained to details, 
this invention is not limited to the above-mentioned operation gestalt. 

[0082] In the above-mentioned operation gestalt, although nitrogen (N), phosphorus (P), aluminum 
(aluminum), and the ion-implantation layer that poured in boron (B) ion were explained, it is good also as, for 
example, pouring in ion other than the above of arsenic (As), a gallium (Ga), an indium (In), etc., etc. 
[0083] 

[Effect of the Invention] According to this invention, when an ion-implantation layer spreads in the field 
bearing which has an OFF angle with an angle [ alpha ] of less than 10 degrees from {03-38} side, an 
ion-implantation layer with little turbulence of a crystal is realizable. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing for explaining an ion-implantation layer. 

[Drawing 2] It is drawing showing the RBS spectrum of an ion-implantation layer. 

[Drawing 3] It is drawing showing the impregnation dose dependency of the sheet resistance of an 

ion-implantation layer. 

[Drawing 41 It is drawing showing the annealing temperature dependency of the rate of 
electrical-activity-izing of the impregnation ion in an ion-implantation layer. 

[Drawing 5] It is drawing showing the annealing temperature dependency of the sheet resistance of an 
ion-implantation layer. 

[Drawing 6] It is drawing showing the annealing temperature dependency of the rate of contact resistance of 
an ion-implantation layer. 

[Drawing 7] It is drawing showing the impregnation layer annealing temperature dependency of the sheet 
resistance of an ion-implantation layer. 

[Drawing 8] It is drawing showing the impregnation layer annealing temperature dependency of the rate of 
contact resistance of an ion-implantation layer. 

[Drawing 91 It is drawing showing the schottky diode with which the ion-implantation layer was applied. 
[Drawing 101 It is drawing showing the current-voltage characteristic of schottky diode. 
[Drawing 1 1] It is drawing showing the electrode area dependency of the resisting pressure (average) of 
schottky diode. 

[Drawing 121 It-is drawing showing the planar mold pn diode with which the ion-implantation layer-was - — 

applied. 

[Drawing 131 It is drawing showing the current-voltage characteristic of planar mold pn diode (3mm angle). 
[Drawing 141 It is drawing which plotted the forward voltage drop when carrying out the long duration style oi 
the forward current to planar mold pn diode. 

[Drawing 1 51 It is drawing showing the N channel reversal MOSFET to which the ion-implantation layer was 
applied. 

[Drawing 161 It is drawing showing the gate property of the N channel reversal MOSFET. 

[Drawing 1 71 It is drawing showing the N channel vertical mold DIMOSFET with which the ion-implantation 

layer was applied. 

[Drawing 181 It is drawing showing the drain property of the vertical mold DIMOSFET in a low drain voltage 
field (3mm angle). 

[Drawing 191 It is drawing showing the drain property of the vertical mold DIMOSFET in a high drain voltage 
field (3mm angle). 

[Drawing 201 It is drawing showing RF MESFET to which the ion-implantation layer was applied. 
[Drawing 211 (a) and (b) are drawings showing the typical drain property of RF MESFET. 
[Drawing 221 It is drawing showing the result of having evaluated the RF property of RF MESFET by the 
microwave measuring device of an on-wafer. 

[Drawing 231 It is drawing showing SJ schottky diode with which the ion-implantation layer was applied. 
[Drawing 241 It is drawing showing the current-voltage characteristic of SJ schottky diode (3mmphi). 
[Description of Notations] 

10 [ — A buffer layer, 12b / — A drift layer, 14 / — A guard ring, 16 / — A shot key electrode, 17 / — 
Polyimide, 18 / — An ohmic electrode, 19 / — Oxide film. ] — Schottky diode, 11 — A substrate, 12 — A 
nitrogen dope n mold SiC layer, 1 2a 
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?Z> 0 Pf*>'&Xi*l 8 OEe'V, '12 0 keV; 8 
OkeV. 40keV 4 2 0 k e VOBSPg-Ctf t\ *8 

©F-Xtb4 0 .42 ( 1 8 0 keV), 0.21 (12 
OkeV), 0.13 (80keV), 0.10 (40k 
eVK 0.04 (2 OkeV) C iCcJ: or, 

g£i*#j0 .3 /imCDTK^ 7 -f JV*»St-T4. 

>f^>aA(iia, #>5W*8 0 0°CTlfC\ &A-Y* 30 

oo-noou 3 o^cD^frriT^o 
^^aAJio^tttc^c^TSiw-r^o cent (oo 
>£AJf (tlTs r {oooi} ffifrft-r *>aiAJBj 

<tC^) ©^tttJt«L/*r % {0 3-3 8 } ffl^fi^W 
T£-<*>i£AJf («T, r {0 3-3 8 } ffi^fi^^ 
>&AJf J iC»5) cM*tt*Bwrr*. (0 0 0 1 )1 

yjiiLJxis&Amommfimz, ±isl/c {03-3 40 

8£S#2 x 1 o- 6 s c cinr*4^*sa«cS. 

[0 02 5} ^t>aAi^iawtts*^7> • 

•#-(van der P a u w) otffMBL 

5 * > x 9 ^ > y K J: -3 r > U*tiii£*ffiS! L 

fc. C©^1f*ltJg©4IStCx^dr^ (N i : J¥3 1 8 0 
nm) 9 5 0°C, 2 OtfMOi&iMIfcfTo 50 
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/Co 

[0 02 6 ]B5tt, MM* Ai^tSOO'CO^UV 

^^>aA^tf-o/c^*>aAHov- hjgtaorx- 

^fitccAtncB^a^tt^SBffl'J^n/Co {ooon 
n#tt-Y*>aA«©»^ «a&A. i6oo-n 

0 0"C<DT~~MCcfco"C9 4-9 7 Q/Dil^fS^ 
V- hffi*n#f#£tx/c^ SiaffiA-cttT^-^fflS* 

1 7 0 0 ■CS'CJblfTfcS'- H6tfitt2 8 5 Q/D« 

u«t^rt^/c„ cheefctur {0 3 -3 8} ffi 
*(4-Y*>aABo»^«. £a&A. 1 2 0 0 a cr^ 

-;ltt>102QA ^?aaA, 1 5 00^7^ 
-CS26 7 Q 5 i£l>ffi#t# fcft/c */c, lSia?£ 
A5c£o-ri#6n/c {0 3-3 8} M^i^^AH 
r*t 1 2 0 0 B Cy^--JUC<£oT 5 6Q/0£lO« 
h/dB£t#/c c ccDJ:0tc. P >f tf>i£A<P«£fc> 4 
HSiC {03-38} WZHl^Zt. i&^&.X&SLs 

ttSCiWo/c, Ctlit 4HSiC{03-3 

8} tit ?ns»ffc©a§[*9Wt«:»<, tfc*ja»fiar 

[0 02 7 ] yac, Nyj&tfM* >&AJ1 (1 OmmW 

AHaffitCits2 0/inu g£ 2 0 0 u m(DmMW<Dnfe 
'SrlHPBl 0— 2 0 0 jumrBEHU TLMffiiCi^Tl 

JttJ6!K*O^HT--^aEft-fftt*^BI (Sffi© 
j8Wffiffl«9 5 0"C-C@S) ~C#>h 9 g«tSCt*<OBB*fii 
f£#1^ aA£(S^^^«7^-;l/figf$i?t4«, 0 5 
h«!S<bBI«©ffl[fil4^0yc. ?rj:t>*>> {0 0 
0 1)IM^>aAl^^ lxiO- 6 Qcm l 

o o *c«±<z>*aT ^-^sr*^ B — { o 3 
-3 8} H^f±^^>aA/i-c«, MaaA©a, 1 2 

0 0'CKi±©T--^«:tf>L« 1 x 1 0" 6 Qcm 2 fga 

(Dfii^fttJsts^fsena. sattAa. 1 5 0 o-c 

T^-^^ifo/c {0 3- 3 8} t>aAlt? 
(J4X 1 0~ 7 Q cm 8 il^ffi«>t(6l^ffinfe«Fl4*t# 
/Co Chit 4HSiC {03-38} ffir«±aM>J: 
9CCttA-f *>©ffitt{b*W«< . #**CJ«tMC©K- 
fcT>y*JS»/c35>6r*S. COcfcSCC, 4HSiC 
(0 3-3 8)ffl*ffl^5i, eS^P-b^-C+^fiJfi 

fcffiS!t?8 50t, P i n#^-h"©*V- K, MO 
SFET, MESFET*JFET«cc'©nlV-^. 

[002 8] (*3j|t6B«) »3«Jt»8ic*5^* 
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fc. CO>1^Ji©4l«K:^j«>/r^5 (Ti : J»S 
2 0nm/A 1 : 2 5 Onm) *3i#L. 9 0 0°C. 2 
0 #FH©i!MHI**T o /c. 

[0 03 3] 07tt, SiS. &Sl>tt5 0 o°c©is?s-e 
aA0/cM^Oii£A@CD->- hJ6!/i©7--. , MSKtfcl? 

ftCC#f|{CMd>1"S^. €©V- hi6fii©*6*H(IK:AS 
ift®^fifl<#tt*5gB'S'J3nfc {000 1 } m-i *>z£A 
WfflftA. 1 6 0 0-1 7 00 "C©T^-^ 
K±-,t3200-3 80 0Q/Dil'5S iCilt 

» -> - h jsjs**» ^> *^* s . ^ < 4 * Jfcffi * 

%1 7 0 O c CSr±CfC*>v'- USt/tttl 800 0Q/ 

sswiitcsitttL/iipweti^ofc. cftKfcfur {o 

3-38} ffifrft-f *>ftAH©JS^«, USA, 1 
2 0 0°CT— — JU-C&2 0 2 0 Q/D. ^SiiA. 15 
0 0"CT--^"Ct* 1 2 4 OQ/dil^ffil^t&Wf^ 
xio-'sccm, H,lcr>i>tB3. OslmiU 20 titt. { 0 3 - 3 8 } BS#tft4 *>ttAJHttt. 

StiUUKl 5 2 0-C-C9 0^1)SfiSl±-5„ C©«fc5& *«a-A*ff5£. 1 20 0'C7x-;WCj:9tl08 
Sffl^ttK J:-9t«fi|htenfi4 H S i CM© F^- 0Q/a±l>5*ttfcfa*»ft:. C©J;^K, AWt 
«lSW3~5x l 0'Vcni', JS/¥«5 »mt*5. >aX©*»^t4"H"S"i C { 0 3 - 3 8 11*Mt»4 

[0 0 3 0 ] CCJc^CCU-CffMtfcS i Cif*^ <t. ffiUSAiag. £>£>C>ti{St>T-- A'ffllTCaiSf& 

♦a^^-^ccai -f*>*aAb. 4*>&xm*B tejstspsw^is^sci^^ofc. cn«. 4 

A 1 ^>ffiAB 1 8 0 k e V. 120ke HSiC (03-3 8) TB. WSIl<t©a«##flt«: 

V. 80keV. 40keV, 2 0 k e V © 5 ISKTif j£< » Jt«ffjfi»Tfc^&ttfl£@« ! IS14**K , ra>6 

t,K JIF-XI«5xiO"cm- , tJb5. SttAx^ t*5i^i?>n5„ 

K-Xit*0 .42 (1 80keV), 0.21 [0034] :XK, hUkE©^ * >&AB ( 1 Ommft) 
( 1 2 0 k e V) , 0 . 1 3 (8 0 ke V) . 0 . 1 0 30 *fflt,»-C^-AttSS©Sftti5St^©l¥ffi^T-5fc. tt 

(40keV) . 0.04 (20keV) itiCtK AJB*ffl«:*2 0 <* m . fi32 0 0<imOSfttO«fi 

i-^-C *S*5j0.3um©#-vf^^n7T-/JV*^ *iaHll 0~2 0 0 ym-ClBBO. TLMffiCCfeot* 

bm-s! Y*>ffiA«aai. *awt5oo-crm>, «>i«!*«ts»«B3ei/fc. h 7 

ffiA-Y * >ffit£{t©/c»©«^I«:7 A>J >#*#B» fttffiJn0©aAllT-"^SS»Stt <*tt©*l«lStt 

(p-C 1000-1700 -C. 3 0 MD&ftHtf 5 . 9 0 0 °CT?H^) *^HT?* 4. »ftB6ifi*©BG#tiE 

[0 03 1] &tc, ±ffi«ii*SKJ:o-c«3S3nfc-f . ttA»t*SW*7^-Ji«ttlWttt. 0 7 

^->aAB© ! t#mcou-cafeHj-r4„ CCtlJ, {00 ©~>- hfiiaiR*©^***^. Ttttoft. (0 0 

0 1 } <D*yft*m?ZWl5mcmifi?>-<* 0 1)lM^t>ttAlOti^ 5x^0- 6 Qcm J 

>&AJI (WT. r {00 0 1 } ffi7J(4W^>iiAJlJ «T©fit»«HtJSK*?:»*/£:a)«:tt. KSffiAi 1 5 

iC> 5 ) ©«fttttt« L-C. {0 3 -3 8} B#t4*W 40 0 0 X^±©WS7-~.'l'a*!fc£-C* *. { 0 3 

*&-1*>&XM (BIT, r {0 3-3 8} "3 8} ffl#tt-f *>&AJi-Ctt. 3»aA©». 1 2 

>ffiAHJ £l»9) ©fttt*»9Ti-S. 1000 1 ) 1 00mh©ri-**fi*«3x 1 0-Qcm'OT 

*>ttA«©««*83*. iJBLfc {03-3 flDfi^«ttStt*3&i#6nS. S«aA«. 1 5 0 0 °C 

8} E#{i^*>&AJi©S^#£<t«#lWc|3JC-e& T^-;U*tf^fc {0 3-3 8} ffi^GW *>ttAi^ 

S*J nS4HS i C»*SSS3-&4IS*C*A-r-5N I »8 x 1 0"' Q cm 1 tCOSafrtffitMWvMett&iS 

©«E*** 2 x 1 0 " 3 s c c m-C* *. A:. CWJ. 4HSiC (03-38) ffi-Cttii&© «fc 

[0 03 2] ^>iiAi©S«ff)tta ; S:7T> • 77 ^tcSA-f *>©ffitt^t** s *< . ^**C*«S©H- 

• |-(van der P a u w) SfctCt-^-CWttl, fcT> 6"C**. C 4HS1C 

fc„ -Y*>&AJf£fal OmmflfcWO/cl. SAH© {0 3 - 3 8 } JB*ffl«.»Si, fifi^a-b^-C+^fiffi 
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>aA®(4. 7^5 (A 1 ) -{^^aASWcpIi 
#4 HMS i C© {0 3- 38} ffilcfe&-z> tTt,>5 A * 
>itAJi-C*S. »3«S6»«KfifiS^*>ffiA»*s» 
(£3 ft -5 S i C^»{*©«lji«. » 1 SS»J&«-CBM8 t 
fcS i C*3W*iPI»tc. »1RCCfiSfi3*ifcS i CJBtc 
-/^^aAJB^RESnfct©^*^. «f->t, CCf 

[0 02 9] *3JU6^0C^4 -{*>tAl©MM 
ffiKon-CBHJTJ-*. 4HSiC {03-38} 

©ffl*{4*Wr4S«Cca* (N) K-7 - n§y4HS i 10 

■C n Sg-C . -> a h ^-PUSO^S— Sff^tt* 1 
tcm%>7t>-k72&ffl*3'~6 x 1 0"/cm', J¥3 
«i3 80-40 0 Mm "C*£. CVD-ffiK<t5na4H 
S i C®©±^fi£S*mi. «T©ilD'C**. iAt 
Smf^ifEfi^. S i H.KWCBO. 5 0 s c cm. 
C.H.K-o^i-COiO. 66 seem. N, tCO(,>TtS:3 
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fciS«r*4©-C. Pin^*-F®7^-K, MO 
SFET^I GBT&£*(Dp SS*< - X«J*©JBfiSCC#3tt 

[0 0 3 5] a/c, X K-X^*>aAiO*IOTffl 
tt*JSR-?-IHI*II»W (AFM) tCcfcOIH^/c. S'JffiM^ 
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* s (zifiH 1 ^) -CMI//C Si SfK««l 0 am 
F-iul>F-XB5x 1 0 15 /cm 2 &AL 
[003 6] 

can 









1200*0 


1500X: 


1 700*0 




0.34nm 


0.36nm 


1 .48nm 


2.27nm 


6.81nm 


(0338)S 


0.27nrn 


0,28nm 


1.17nm 


1.56nm 


1.72nm 



(10*mX10//.m1K«) 



[0 0 3 7 ] {000 1)IM^>aAlOlI^ 
ttRmsPO .2 6 nnu {03-38} Kfrft-f* 
>aA»O^Bi*C«R msiiiO.l 6nmi^^ 

(0 3 - 3 8) E^fi^^>aA®^^/i>L,/hSl^S 

**»e>*i, «o¥»gni>ci^^, cor 
f-r^tc«^{t^m_6n/c (0001 } 

aABO^Cctt, Tgffi!ftJi£BJ&T£ fcafrfctt, "1 5 
iSST^-^^T^i, ftffiCCifsO .3-0 .7 

{0 0 0 1 } B5*ffi^*>ttAH|-r«fc<SL^- F»K 
*s»6tifc*»itA, 1 7 0 0"CT^-^CDi5S*4"C«, 
**BWfc«'C«*li*fforCii«)<C)©. AFMTiiR 
msP6.8nm* rtSA L, rt>fr«ffi7£n#« 

i'j ^ n/co waoiKjcai^cc*} w z> * * * x » ?*<£>?f5 
is^> s i c {oo o i } ^ma^in**^-*® 

TSC<k»gS-C«3&t^. — (0 3-3 8) IM 

-Y^^aAHoa^ctt, ®tstipMH^f#6n^as 

&A, 1 2 0 0- 1 5 0 0 0 CT^-^O|^T'^Riii s 
Ml* 1.2-1 ,6nmi/M^ 6 1 7 0 0°C<D^S7^ 
-;U£tfoT4>, Rm sffitel . 8 n inKSS 
S. Ctiii4HS i C {0 3- 3 8} ffi-Ctt*?ft*3» 

*Tfcf S'iW^tt t 6 t? * S i JiS'J 2 ft & o C co 
J: 5&c, 4HS1C {03-38} ffl-C»«fi<D«l5fia 

S i C^ffiCD^If±^t^5nSO-C. «*"l«8iB©iJ>tt 
^A»4fttt#«fif3hS. IWt«/S i CWffi 

SO* * >; ttfc£L#lKif£3 ntMOS «j8<&* + *>M£ 



[0 03 81 HT, *«?Bfrc«4^*>aA»*iSfflU 
[0 03 9] (»li>ffl«> ^*>aA»*afflL/fc* 

s-Y*>aAn*afflb"Cv HGtc^r^a h*-^ 

[0 04 0] fvW*flMRtefBC»fcS«l 
fflWS-rSCltCCAorfttJLfc. SSI lliirnS 
9 x l o 19 cm' 3 , »3iil6 0-2 10 /znrC*S„ 

CCD*K1 1© {0 3 -3 8} ffi±K:, CVDiStC 
J:^tif F-7"niS i Ci 1 2*xtr**5/+^SE 
SU/Co nSSiCK^7^7ilZaiF'J7hl 
1 2 b*P6tt?K ^?7t1 1 2 a«F^-ffiffil~5 
x l 0 17 /cm\ JBff«2 mn, F'J^M12bti 
Ft-fg6-8x 1 0 ls /cm\ BJSW: 12/irat 
#>& 0 C VDffiCcJ:*^* 7rl 1 2 aCD^&j&fi^ft 

£TF<DiI9r*6. ^AT£Mf«m£, S iH 4 
CCOO-CttO. 30 seem, C 3 H. 6COl»T«0 . 3 
40 Osccm, N 2 ^OtiJlxi0' 2 sccm, H,GC 
Ol>T«3. Oslmil, IM1 5 5 0W4 5 
»B«fi3l*5. CVDffifcJ:* F'J? mi 2 

SiH^C^tttO. 50 seem, C 3 H 8 
tco^tttO. 50 seem, N,CCOl^T«4x l 0 
-'seem, H^COC^T(d:3. 0 s ImiU Sffifi 
Kl 5 5 0 e C~C2 0 O^ral/SS^^^o 
[0 04 1 ] C<D<fc5tCLr-Cff«LfcS iCxf^^ 

so y^*- f i o %{tmi>tc e *sav\- *-mm%s$~c<D 
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ffiCD^H^Cffsl 5 0 Mm, $£3 0 .5 ^mCDpSW- F 
•J > ^ 1 4 SHlWc, ii- F U > ^ 1 4 ( B ) 

«3 0-2 8 0 keVfh-^Jl'F-XI^l .1X1 

o 13 /cm 2 r#>£ 0 -f^>iiA®*7X^^(-i, ai 
0134 /um) , AS^ttCVDtC«t0}^J3EL/cS i O 
,£ (SS 5/im) Zm^tc* aA-f *>ffittft(OteA 
©KUBSattTil/^^^^^H** 1 5 0 0"C, 3 0»O 

FMfbtcJrOII&BMfcBU 9*»fiSU 3£>CCCVD 
CC<£oT/I£8 OOnmCDS i NJg^ittSILfco 
ffiteNi (lS20 0nm) ^Ifl, lOOO'C, 2 

/Co ^CC»T«ffi«|{CT i /A 1 (T i : 2 0 0 nm/A 
1: 8 5 0 nm) ^ItltVa v F*-««l 6 *JB 
RSL/c. ^ 3 7h + -Sftl6tt5 0 0'C l 3 
^H*tToT£5Efb3#fco 2/a ^ F*-y-f *- F 
(3!>affiK# 'J S F 1 7 i^flj b T{£il 0/c o V 3 ^ h 
+ py>y|R«l 4Ol&0tt2 0 M 20 

mt*^ ^37 h^-tSl 6©ISIJ3 0 0/2m(/) 

— 3 m|i0T'^. cn65>^7- F V 4, ASS'* 

[0 04 2]^, ftiisn/cia9tc7S-r^3 ^ F*- 
f i oo^tcoc^-riSHj-r^o ccm 

{0 3 - 3 8} ffi^-a-f*>aA»43Sfl9L^:^3 » F 
F (KT. r {0 3-3 8) J/g^h*- 
y-T^-FjiC^) 10O» (000 1 ) 15 
ffi^:*>&AW*»Bl/fc->3 9 F + -y-f*-F <W 
T> r (000 1) S/g9h + -^*-Kj tl^) 30 
^ibKbTsftW-fS. fc*j t [0 0 0 1 ) '>3^ + - 
F<D«jft*fttt. {0 3 -3 8} ^>3 9 F + - 
F 1 OORiB^ffiiS^WtcigDrftS^ 

^7Tji*«;fi3ii*i»K«;A'r4N a ©«a^8 x 1 

O-'sccmtMi F'J^H^ffiS^-li^^ci 
A1' &N 2 *S£fij&*3 x 10" 3 sc cm-Cft5^Sfe 

[0 04 31 H10B, J/a>F*- y-f*— F ( 1 m 

fS]4#tt^^ H s 9 cDffi5effi??t4^^^ 3 < . * > JfiJS 3-4 40 

*f«:/n* hfr^fciaH^Nttttl .02-1 .0 
5 WIIW3« (0 0 0 1 } v h 

- F"C1 .0 8 eV, (0 3-3 8) ^g-^t-^ 

F 1 0 tr 1 . 1 6 e V tt£-otc Q &fifoffi&rC\Z 1 
5 0 0VW±©WE£j*&U L/^fe* - 1 00 0VEP 
ttin$cD'; - *miJ££> 1 O^A/cmliHi/l^^o ^ 
a y 1 6^3 0 0 ,uin4>— 1 min </>fIJJ£<E>'h 

31>#V*- F"C» {00 0 1 } 5>a v F*-y-f*- 
FrfcIsJtS<D^>f^- F»tt**»6ftfc*s. fBSE!S<& 50 
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Ft?»M#©HtcA**c^M6*ifc. 
HI lit {0 3-3 8) 7 F*-y-f*- F 1 
0, (00 0 1 ) F Y<DM\± 

^&<ifc4 0^oy^^^F«:a'J3ELriWJI<D 
¥*ltt**a>fc. {0 0 0 1 } is* ? h*-*^*- F 
TH\ ®EBffi8t**7 .9X 1 0~ 3 cm 2 ( 1 mmtf>) £M 
jt*t«l«CcWE*tfiTT-B. CfttCftLT. (03- 
38} fa -j h*-#-Y*-F 1 0*i, 7xi0- 2 cm 
2 (3mm4>) cD^ffiffiarfeiS^iBK^t^bT^ 

C(D3inm<*>CDSM*- F-CWBE1 2 0 0 V^Si 
CCbT^B* 0***4 <t. {000 1) S/a^Ft- 
F"C 1 3%, (0 3-38) ^3^ + -^^ 
*-F10*Cii7 2%i4-3/Co »E^l«6 

< % - i o o o veniiaBfo y - ^i^Mowiii^i 

Iia3mm0©^^ F"Ctt«-ra<b, {0 0 0 
1 } i/3 ^ F*-*-**- FT»9x 1 0- 2 A/c 
m\ {0 3-3 8) V3 > F*-y-f*- Fl 0t» 

3xl0- 4 A/cm J ^^ -ffi«±©s#ss«>e>tt 

/c. cniJ, 4HSiC {03-38} IWSCi 

CDjt«*i«lWSti, iKAKS i C*Wrt*»6*ift*&-C 
i6i#£6K^ 0 4HS iC" [0 3- 3 8 

^i^cac^o-cSSM fcitf-Y^SEAteJ: 
0 Bf&Ltctf- F y > ^'SP 1 4 (D*SO¥*lt4# 5 J: < & 
0, v 3 ht-111 6/S i CS1"C©1^1*^ 

fflffi|-C«B-f*>aACcJ:oT//- F »;>^1 4£Jf5fi£ 
L/C*)*, A 1 -r*>aA*ffll^ci»^-Ct>IH«OSS(l*^ 

[0044] (S2afflW) -Y^vaAHiaSffiL/Zc® 
2©W»* 7"l/-tip n y-Y*- Fr*4. **^tc 
«*-f*>ttA»*»8l/T. 01 20C^1">' 8 U-^^ 
pn^^F20^SSlfc 8 yu-tSpn^* 
- F 2 0 (D$!B&*i*tCOC»TSi?B'r 

[0 045] 7 r ^VXffMtCflBl^ca«2 1 SftU 

HW«TSCi*cJ:o-Cffi«Ufc. SS2 ltt4tnS 
*-^MKtc J: T Wc+ 1 y t^gii 8 - 
9xl0 1B cm-\ mZitl 6 0-2 1 0 /znTC**. 
C(Da®2 10 {0 3-3 8} ffi±CC, CVDffitCi:^ 
TiiF-^niS i C12 2^it^ + ^ + «gl 
fc. fi£SBi^"<y^rli2 2ai FV 7 F»22b*6 
5ft *)s ^^ 7 I2 2 a»Ft-Sgl-5X 1 0 1 7 c 
m-\JWK*4miu K'J7 h)12 2b(iF^-^ai 
-2xi0 15 cm-\ iHIJ7 6/irar*S 0 CVD& 
CCcfc4^*^^rfl2 2 aOiftffi^frtt, WT^jlO 
-C&£ 0 5»A-rsattflfea«r, SiH 4 tco^T«0. 
30 seem, C 3 H.CCOCi-Ctt 1 . 5sccm, N 2 
(CO^tiJ8xl0- 2 sccm, H,tCOl^-r«3. 0 
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s 1 m£U StEiSKl 7 5 O'C, lOOTorr CDEE 

7 hH2 2 b<D±fcfiMftfl=tt, HTOlDt*^ *g 
At" S i H 4 tCOCi"C«l 5 s c cm, 
C,H i (COC»r«4. Ssccau N^co^tlJlx 

1 0" 3 s c cm v H 2 tCOlsriJ3. 0 s 1 mt U S 
tSSSl 7 5 0°C, 1 0 OTo r rOE^Ttl 8 Oft 

[0 04 6] C Ct^, ii(l«lE?:f#a/ce6JCiaftta * 

wwsESiBtsasMrisjaR^tai^tc. iSfflToiea 10 

Bpny-ft-FZOtftltl/fc. pfflT^-F 

2 4 AM*>*7 2 0 keV, 4 
OOkeV, 2 80 keV t 160keV, 80ke 
V, 40keV > 2 0keV©7gBtaAU. KF 
-X«ttl. 3xl0 ls /cm 2 T'*^ SttA^M 
f-©F-X14 2 .7xio ,3 /cid j (720ke 
V) % 1.8xl0 13 /cm 2 (4 0 0 keV), 1.2 
X10 is /cm 2 (2 80 keV), 1.0xl0 1J / 20 
cm 1 (160keVK 7.2X10 14 /cm 2 (8 
OkeV) , 4 .2x 1 0 14 /cm J (40 keV) , 

1 .3 x l o 14 Vcm l (2 0keV) it-SC iCcJ: 
ot, JSSfiO .7 nim©p^HOF*3. ftffiftO .2 urn 
#1 0 2 0 /cm 3 «±OiiS?&SJi£&3 F-tr>y^o 
V y A >l> % J&f& b tc„ XtC . p 3» T -> - F ««M»-C© 
«U*K«*?fliSijrs/cd?)Cc % cOMIH0citI3 
0 0 Ainu ESS 0 .7 MmCDpSStf- KV>;72 3*R 
ttfc. KU >^2 3feA 1 -Tt>aAJCJ:«3Ml 
/c e A W*>ttAO^*^-ttBID< 2 0-7 2 0 30 
keV07SBth-W K-XMtt 1 .0 x 1 0 13 c 
m-'T^^, *7- K 'j>^2 3<DJ|$JiEB#tCtt, SAB* 1 
9A7uy r -Ob£fc&<fc5aftU*: 0 >f:*>ftA 
tt±TSa-CfrC», ^*>i£A<^**K:ti, A I (if 
35(im) . feSt^iCVDtCcfc^ffJScb/cS i O z Ji 

^ttTJl/=f>#*SH»+ 1 5 0 0 "C. 3 0#<D&# 
"Ctfo/Co 7 — -fr<Ofk* 1 150'C ( 2B#fflO^*^ 

8 0 0 n mOS i O z flS3 0£*t£ffib/c o &ftcg 40 
KNi (SSZOOnm) 2 9, RffiiJCCN i /A 1 

(N i : 2 0 0 nm/A 1 : 1 2 0 0 nm) 2 7 
U 1 0 0 0'C, 2 0#IHOJJ&a!»I?:tT ott- 5 ^ £ 
*«2 7*J&£L/c. df-f*- K©*BBtt^y-/ ^ F2 
SZmuLXUmOtCo pS7/-FOt^Xtt3mm 
ft (Ii0 .0 9 cm 2 ) -C$>£ u 

[0 04 7 ] ^tc, fPSSSti/cH 1 2tC7ST^U-^S 
pny-f^-h^OCDWtttco^-CKH^TS. CCT 
tt % {0 3 -3 8 } ffi*fi[-r*>aAH?:j8ffiL//c^U 
-tlpn^Vt-F <«T. r {0 3 - 3 8} 50 
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*-fflpnif^*-Fj <tl>5) 2 0<JM$tt J &, {0 0 0 
1} M^>ftAi*ilffl^l^-tSp 

F («T. r {o 0 0 1 } y'ls-tmv n?J*- 
Fj <tt,>5> ittjROTBWrr*. ft*. {0 0 0 1 } 
7']s--fM p n 2V K<Z>«it#fc«\ {03-3 
8} ^U-tfpn^^-F2 0O»jg^ia*W 
CCp|D-C*-2»*i, x<-y7TJB«:RSfi3^4IStC*A"S"S 
N,©i&H#6 xlO-'sc cmt*5* F V ? Fit. 
4^S3l±SBS^A^SN a ?Sa*Ux 1 0" 2 s c c 

[0 0481 B13B. n F (3 

m.m ft) OltSWtt»»-«Efttt*^ia^*S. ffi 

/c *m*lfllWtt«:«Br&i {0 0 0 1 } ^u-*- 
Spn^^ Ftetb«WSijfe#**Uc < < , 5 ASK 
tU:~Cte#Jl 2mQcm 2 <DiS?UJStn: (*>ffifn) 5CJ: 
^T«mfia*#3tE3tt&. — {03-3 8} 
-tSpn^^F20m ^>JStrL«2 — 3inQ 
cm 2 i^flttC/M < , $)2 .SVCfiUAiDSEJ:?) 
m»««n*Sl»K:««^*^r « (0 3-3 8}7'U 
-tSpn^^-F20TO30A (3 3 3A/C 
m 2 ) it»5*t»«aE*3 .9VCDmEFfT^iSRS;TSC 
btfi-C~*tcl (03-38) 7'U-tS!pn^t*-F 
letter, {0 00 1 } 7'l/-tip n KTtt 
mSS^ntC < C>C£>C*. 4 H S i C { 0 0 0 1 } £fflt,> 
fci»^tc » % P ^7/-F OSBBasw: JfcfS U TfciBiAS p 

n?LhtiZ>» 4HSiC {0 3 - 38} ^ 

ia^r*>(^!fi-»j««pasiB**jare**o'c. c 
*[nit#ttrw { o o o i } ^u-tapn?-/*-Fo 

Hffi**5 2 1 0 VCCg£ -st^SOfcSl {0 3- 3 
8} ^l/-tSpn - F2 0ttt8 8 6 0 Vi© 

i««E*»4C£rtS-C*fc. -4 5 0 0VEUJP«F©y- 
^«8fcB, {0 00 1 } yb-t^pn^t- F-C3 
xi0" s A/cm l , {0 3 - 3 8} ^U-tSpn? 
^*-F20t5x 1 0' 8 A/cm l i^l -^te^HJ 

SECcS@*rSi, {0 3- 3 8} 7'l/-tSpn^t 
— F 2 0 "Ciitti|t»«B#«: 5 A ( 5 5 A/c in 2 ) grit 

y-Y*- F20-CIJ1A (1 1 A/ cm 2 ) 
K*S^*i6»fc. Chii, 4HSiC {03-38} 

[0 049] flF«L/te^U-^a!pny-f*-K 
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t - 1 0 0 0 V<Dffl(DZj **>^1#1£-*>KiS 

(3 oo e c) *v<D*?$m (- 3 o o o v) commmm 

(2 0 0 A/cm 2) ©fiJB««tt«:ttBBj&<&«: J: 
i$W&h*Vtc Q B14«, {0 3 - 3 8} 
n^Vt-F20, {00 0 1} 7'b-t§pn^t 
- FKUifi^lPiaiS 1 8 A (2 0 0 A/c m 2 ) *fiH#|fflSc 

6 e {0 0 0 1 } ^U-tip n K"Ctttt3 0 

0 0 s e c *a*fcttj^6«E»T#%* Ltetf), 1 io 
0 0 0 0 s e c«KfcH7JJH<Z>3 .BV*64 .7 VgT'ii 
*L/c. U*Lr (0 3 - 3 8} 7'U-tSpn 
y-f*-F2 0tttl 0000 s ecf*fc«E»Ttt 

»«^-aaa« (temj tcioasu^ci, mtu 

tc {0 0 0 1} ^Iz-tfipn^^-FTtt. [0 0 
{0 3- 3 8} ^-tipn^-/*-F2 0r»CCD 

iii-viK^*©**y-Y*-:F"rtt, WftvUT 
x BStc * * y + Wtt^c J: ttW 3hSx*;^-# 

o»»(6fi[3&s*«*»ffirt &cf# cf * c t J: x mmx 
B**JBJfiK3n4c43W»6nrt»a <1 (oooi) 

-tipn^^ F<D»£fclB#ffl'W7*B9tera« 
©JMWJfiC 0 . ^S^«ffiCCfa^-r^ [0 0 0 1 ]BtC 

TjWB*L/fcfe©&JBto*i4 {0 3-3 8} 

sffi-r sor, p n suffice * w % m^mmc /j> 3 

<hJStoftS. */c, ^*>&At£<D7~-;Uc£oTSI 

£ Q ftte, coiI«-c«A 1 *>&AteJ:^-C;tf- 
F';>^23««IW B>ft>aA^^/c^ 40 

[0050] <*3awBW) -<*>&Amz&mi>tcm 

3<Dffl\t. N^t*^SfiM0SFETtft4. #»93 
te«*-/*>&AIB*aWil<-c. H 1 SteTfrTN** * 
JUS<EM0SFET4 OSrKifiL/c. N^**JI/K*kM 
O S F E T 4 0 ©RJS^fCO^TTBiWr 4. 
[0 0 5 1 ] flH>*:3t«4 It*, SfcftU-y-^tcJ:^ 

&C<fco-CfPSL/c B fflS4 1B4tpar 4 S/ayh* 
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(S3 -5 x 1 0 1 Vein 3 . J»3 (S3 8 0-4 2 0 u in 
r&6 c C©atgl 10(03-3 8} rate, CVDffi 
CCjloTd^RF-^pfflS iCl42^xb'^^J/t 
P SS i CBSBI4 2©7^i2^SIStt 
5-8xl0 li /cm\ HS/Wi4 MmT*£ 0 CVD 
£CtJ:£pMS i C14 2<D1&&$kmz&tT<Dm*)'Cib 
6c *A"T S i H 4 &COl>Ttt0. 5 0 

seem, C, H e fco^T(*0. 66 seem, B 2 H e 
^l^iilxiO^sccm, H 2 &Cot>rte:3. 0 
slmiU S«JS1 5 0 0'Cri 0 O^fiflJ&S^tt 
6. 

[0 0 5 2] CCDcfc^CUTft^L/tS iCxt'^ 4 > 
*;U£x-^*flBt>-C> m 1 5&c^»JfiG>N7' + *;i/ 
SKMMOSFET4 04^SS0/c o !3*4£RC 
ASfcjtU HFf^ * hBtftfcJ:9y 

— hBMb«4 8 *«SEU/c. «fb*frtt* HOOt 
2 5#r£>&, hKiblBt4 8©/S?tt4 6^5 3 n 
mr^& 0 * h«ft<DSL WHttmt&mXTJ^ 

[0 05 3] ^tc, S i H« ftJHS^CCfflt^fcjjtffiC 

VDriccj:^r 7 o o'evm^s i (/its i. 6 m 

m) *pu POC 1 3 ^^C^9 0 0°CT« (P) 
tk«L/r(S«tSnja^lSftS i ^MLt COM 
US i ^rCF, iC^tffll^cJStEtt-r *>x^> 
^CcfcoT^£-^>^U ifg 4 m m , iti2 0 0 Mm<D 
i^F47 iBtiuhtc. |*l»T\ C<D&&& 
S i (N) t>^ttAl^t 

y-^»H4 4, FU-(>^4 3^Ml/c 0 N-/t 
>SA(.t 1 2 0 k e V, 70keV, 40keV, 25 
keVCD4aBtlT^, «K-X»i2x 1 OVcm 
l T&& 0 -Y*>aA«aa»'Cfft^ SA-ft>r£t«t 

mc&<Dm&mt.T)Vziisi3xmm%ip 1 2 0 0 °c, 3 

[0054];WC, V^S146 4 FU-f>«ffi4 5 
tUtf^>/7Jb$ (T i :3 0 nm, A 1 :2 5 On 
m) 8 5 0 e Cr3 0^PolCD^ffi^JfiU/c o 

C ti * >ttAffi"7^ - 

~>^cci2, y * Y x )vV?y jfflM*m\<*tc a cct 

[0 0 5 5] **C % ftSSftfcHl Slc^N***^ 
SI£MOSFET4 0©«Ftt(C-^t5rBiiH'rS. CCT 
{0 3-3 8} B#ft^*>^Ji*^LfcN?- 
t^SKMOSFET («T, r { 0 3-3 8 } 
t*^5fiMOSFETj t^ r j) 4 0OU14*, {0 
0 0 1} H#ffl-f*>aAIB*afflL3fcN?**;uSR 
MOSFET (WT, f (00 0 1 ) Nf t^^IsM 
OSFETj tm%hXmW*th. {0 
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00 1} N^i-*;UJKRMOSFET(D»iS^ffi«, 
{0 3-3 8} N***JUKIkMOS FET4 (XOMM 

SRW:*ArSB l H»©»a3&i4x 1 0- 6 s c cra-C* 

Ox y hBMbtt<DT^.-JKZ^feff=3&s 1 15 0°C, 
2«FBI"C*4jS3»Jia*. T--^©*fr*«»tt4<Z) 
tt, {0 3 -3 8} m*flli»;fc«£tt, {0 0 0 1 }® 

[ 0 0 5 6 ] M 1 6 tt, MO S F E TOJfcfflW&y- h 10 

fttt <Fu-f>*EEo .1 voN«W) *5**ht* 

£ 0 HI 6tC7n3nSJ:5tc, ftRLfcMOSFETO 

MO S F E T i HOlffij&TOShfc. {0 0 0 1 } 
t*Jl/gRMOSFET«. 9.8Vi^^iSl*U 
*l>ffi«EE*7SU *0^- h«JI£ 1 5 V*T*tLT 

{0 3 - 3 8 } N** *;Ufi(SM0S FET4 0B> L 
ifl»«E#4 .4Vi(S< . y-h«JE©*iAfc»U 
T F U-Y >^^m»frc^^±^5aW«c«f14^#6n 20 

Jl^ttftOL „{OpOJlNf t *VkSJSMO S F E T _ . 
r4. 5cm 2 /Vs, {0 3-3 8} N^t^^gRM 
OSFET40-C86cm 2 /Vsi^04HSiC {0 
3-38} S:fflt^CitCJ:-Dt:W2 Of&Olftt^*^ 

fWSl*i£«>JSfe {000 1} 1» * Jl/S<EMO S F E 
T"C3 . 1 cmVVs, {0 3 -3 8 } N^ + *^SK 
MOSFET40T72cm , /VsiftO l 
^6tl/c c 30 
[0057] COMOSFE T^ttCOffl^ffitC «fc £itl> 

OS F E TOaK1*tt^i& 4 HSiC {03-38}® 
T?«MO S WB5cD^ffiffiS^4 HS i C {0 0 0 1} 1 
Jr9ttl«T^tti*c£##fr^Ti>S. Ltctft^x, 
{0 3- 3 8} N?t*Jl/g|gMOSFET4 0Ttt, 

hs i c {oooi} fflccaisK-xo-f '*yffA4ut 

fflttJMWbT&, MO SSKB^ + *^tt*«tc»^<D 
T\ COi^ttMOS^ffiCDTatttCttjftiffi-CAO, ¥ 

ai4*iSfb-rsi^^*^t(!ffifcfiT"r4 4Hs i c 

{0 3- 3 8)im HF-XOY*>^ 

ju£*t^ r fein/c¥«tt«)f sn save, + 

4 4, *5j:V*-Att*S(0«)l*«lS'C*-5. N* + * 
JbJSfsMO S F E TOftK^lcBW x-^±CcfflHL 50 
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&Utcnmv-xm&<Dis~bt&ft&4HS iC {0 0 
0 1 } irZ 3 0 0 Q/CL 4HSiC {0 3-3 8} 
ffiV2 1 0Q/D-C45CiW^/c B CCDV 
-XW«4 4^0SftttStn:^i4 H S i C {0 0 0 1 } 
ffi"C8 x 10" 4 Qcni\ 4HSiC{03-38}ffl 
t3xiO- 6 £2cm ! ^^c 0 CO£5tC % 4HSi 
C {03 -3 8 } ffi*flH>SCiCC<fco-C\ SF^ffilnflt 
atHBiaHSXTjfcCit, JbSM>MOSFET«F 
t4<Dfa±«:At <f#lt0^ 8 S£* % S i COf^Y 

&T^-;W&K#S i <£>fi£ ( 1 4 2 0 6 C) «fc*)*0>fc 

&l,ftWt>, 4HSiC {03-38} ffi4fflt^Ci 

MMO S F E T^ffSt^ 5 C i^^o/c, CCT- 
its N^ + *^SKMOSFETCCOts-cai^fc^ A 

«Pft*^56MOSFET^ CMOSf/^X 
©ftSjCC 4 H S i C {03-38} ffiCOffiffl^^tc 
4 H S i C { 0_3 -38} p*ffiljT{gS< 

t^A^Dt^^K^ ssfflcMosiiffly-h^ 
[0 05 8 ] (»4SifflW) ^*>&A»*»BLfci6 

4<EHWB» N^+*JUfil@gD I (Double Implanted) M 
OSFET-C^So *^tCiSSY^>aAl^lffll 
H17{C7StNft*^«aDIMOSFET5 0 
€r»iS0/c 0 SWS i/^-MOSFETtiriffit 

ttdfo-^p-fe^cc ^^rf^^n^^ s i crBpSi 
ccdhktcb. -f*>aAtc<to"r}K 

nfiF'J7 F10P ni^cj;orBE^»}$r5 s N 
^t^wUfD I MOS F ET5 0 <D«JS^ffitCOl^T 

[0 05 9]7^^Xfmffl^/clfi5ni HMb 

MWlS-rSCitCcfc-p-rf^WL/c. MS 5 l«±rnS 
■c, *-;ussS*«"JS«: J: o r^tc^ + y -HBJSB8 - 
9x 1 0 1B /cni\ WSttl 6 0-2 1 0 umT'& 

£>& e t©StS5 lO {0 3- 3 8} ffi±CC, CVDS 
CCi-orSStF-^nSfS i C@5 2 4xt'H^>t^ 
ffigl/c 0 HKfill»^9 7Tl|5 2 ai F'J7 h®5 2 
b*»6ttf3, ^■;77»52attFt-i8fil'v5xi 
0 17 cnr\ I@(^am, F »J 7 hJI5 2 b B F^-~ 
1 0 1S cm"\ M/1B1 8/imt*5. C 
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VDS«:J:*'*»:7t»5 2a©iiffiMmi, KJT 
©a 5^*4. «AT£SU*rfiS£, SiH.tCour 
teO. 30 seem, CjHetcoi^rttO. 30 sec 
m, N^^tttixio^sccm, H^CoUtt-i 
3. 0 s lmtU KSHffl 5 5 0"CT4 5»W«t* 
£tf& 0 £/c, CVD&tCJ:S FV? hB5 2 b<D3E& 

S iH 4 (COl^(J0. 50sccm, C 3 H^co^r 
teO. 40 s c cm, N 2 &C*oi>-Ct*2 x 1 0" 4 s c e 
nu H,CCOC»r»3. 0 s 1 miU «t£SJK 1 5 5 10 

o°c-c2 5 oftmm&sitz. 

[0 0 6 0] C©<£^CLTfPKL/cS iCitJ + i/ 
*A-5*-^*flil>-C, S 1 7lc5rr«i£<D«§!D 1 M 
OSFET50^gUc 0 T^S (A 1 ) -f * 

>££AOTaS3 0 .7 /zm. T^Hz^SgSSfaO .5-* 
3X l O 17 /cm 3 0pa^x;«5 3*JgflEUfc. 
A Wt>iiA«5 6 0keV 4 4 2 0 keV, 30 0 
keV, 180keV, lOOkeV, 50keVcD6 
SBrfTt*. *&F-XSte 1 .4 x 1 0 13 /cm 2 ^ 

5 0 cots. pM?*>\'5 3<Dm>mmzm'&&mT? 20 

c m 3 • & © F - / < > h &c tt £ J: 5 &c HH- U T ftMR l< 

[0 06 1 ]^ KU-/>««5 5 

cmmcDtcSbttC. m <P> ^*>*ftALTffiJSfSnS! 
«W*ft»Lfc. P :*>&A« 1 8 0 k e V. 110 
keV, 60 k eV, 3 0 k e V<D4 SBTtfir^ Ml F 
-Xl»2xi0 1, /cni , t*5, -Y*>£A«<hfc 30 
tOMI-cfTote. f^'^sat©»«8?:» 
IfflT&fcrJfr'vC, rgttpI«©JSHfrCiia2 5 0 Mm. i££ 
0 .7 mhKDpS?;*/- Ky>^*HWfc. #-K'J>y 

A<Dx*;U=F-t*3 0-3 60 keVTh-^ F-X 
I(J1.2xi0 l, cm- J t'*^ o ^^>^ACDv^^ 
KH\ Al (WSSam) . **l>ttCVDfc.fc0JfSJ5S 
LfcS i 0 2 H (flES 6 um) 4/Bl,>fc. &A-f 
ffitVtctbiomMmfoTfrzi^ifZ&ffl&tp 15 0 0 
°C, 3 O^CD^rtf o/Co * + *Jl/fitt2 /im, ^ 40 
fcT* (X :/fltifi> W2 2 //inT'**. 
[0 0 6 2 ] ^RCA^L, HFf^^7' 

/c D nfkftfl=«i i5ou 2 5^-c$>o, j^stsn* 

FMffclR©/53«4 4 — 5 1 nmt*^ 
[0 06 3] C<Dy- bmit<DAt % SHCVDffiKlJ: 
otI«S88 5 0 6 Crf^l Mm« B S'i 
ffiU *»4 8 5 O-COffitttCctO F-fcT>fU <£}JSSi 
nSL^SRS i *»j«Ufc. 5l£tt-f*>x^ 
>^c<fcoTCCD^t§i5iS i £SP#fftCcx 7^>yit 50 
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y-h«S6 0 4ffi»Wc y- h • fh^bj 

(DtUlffiCOS i 0 2 B (MZmO .8 jum) 6 0^:I» 
SSOO'CO^XvCVDffitCiotiaLfcu CCD 
8L ( N i : 2 0 0 n m ) 

U KH>««5 9iL/c 6 *ffl«©V--*«S5 6 
&U2x?y;l//T;l/S (N i : 10 0 n m/A 1:400 
nm) £r/fH\ ffl#G>««* 9 5 0 B CT 1 5*MQ<Dtt« 
l*»tCi(cJ;otfl»W"-5 C 

n 6 ©sir n * > a Affl * ^11^10^ * * - x 

MOSFET5 0 ©StttK«©ffifH« 9 x 1 0" 2 cm 2 
(3 mmft) T'#>£o 

[0 0 6 4] fEKStlfciai 7CC^"TN^ + *;U 

I MOSFET5 0CD^ttOCO^"C|ft^So C 
Crii, {03-38} E#{i^*>aAJi£®fflL/c 
Nft^;«DIMOSFET (tTF, r {03-3 
8} N* + *;M8HSD IMOSFETj il^) 5 0© 
«H4*\ {00 0 1 } ffi#{3^*>&A!f £5tffi0/cN 
***;MHSD I MOSFET (tn\ r {000 1 } 
Nft^Ol/iSDlMOSFETj £t>5) <LJt«OT 

sttw-ra. {ooon N?t^;«DiMo 

S F E T<D9mXm*> {03-3 8} N ? + 
D I MOSFET5 6cD»iS^ffiiS*WtcraDr*S 
^ * 7 t Ji £ i£g S 4 IRK mA? *> N 2 (DWAtt 
8 x 1 0- 1 s c cmt*S* F MBfcJifcfiSI** 
BS6Ca»AT&N a CD8fca^2 x 1 0" 3 s c cm^S 

bmim^BfSur^tc^>(owtit^^i 1 5 0 

[0 06 51 B18B. IS F U*Y >«ffi««K:*Jtf i« 
1D1MOSFET (3m m^) <D$mttirj: FU-T>^ 
fM^-ri, 0 1 9 CiiS F IW >W£««CC*$WS«SS! 
DIMOSFET (3mmft) ©jftSJW^ F W-f 
i^-TH-C*5o {000 1} N ^ + *WmV I MO 
SFET, {0 3- 3 8} N^t^fSSD IMOSF 

e t 5 0 ittmcmmtemmmtmmmm^tL. m 

OSFETitriSfPUc^ *©WttK:tt-¥»ttOA# 
temmhtitc {00 0 1} N^ + *Jl/t»SDIMO 
SFETii, USE* 1 5V±r«L/-CfcFU-f > 
S^5 0 0mA«T^^^tl^ o {03- 
38} N^ + *Jl/*K§aD I MOSFET5 0 «. Jt«W 
/h3l^-F«EE, FU>f>lE"C9A (lOOA/c 
m 2 ) W±CDFU^>m^«n, tf-hMEl 5 VCD 
i*(C« % FU-f >SE3 .4VC9 A (1 OOA/c • 

m z ) zmtitotc com&&h*>i&in*%mi>z± 

^C^CC, {00 0 1} N^i-^MMD 1 MOSFET 
t>S5i^9 70mQcni J (l:A»V/c o Cft 
CCjtO {0 3-3 8 } N^f*iU«S!D 1 MOSFET 
5 0 tC *s l, > T * >ffiJn*^J^ 3 * /ctD«, — o tC B 4 H 
SiC {0 3-3 8} ^ffll^CitaotMOS^t 
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te¥«ttOW**sSF^L/ri»4. {0 00 1 } N* + * 
JUHtSLD I MO S F E T"C«^ +*;l/*»K*Sffi»-Cfi 

^0«fi4JS}n(D^r'*6 0 N* + *;l/«SSD I MO S 

hffi!n#4 HSiC {OOODiri 
2 6 0QA 4HSiC {03-38} ffiT' 1 10Q/ 

fltfi!S$»4HS i C {0 0 0 1 } ft9X 1 O-'Qc 
m 2 , 4HSiC {0 3-3 8}ffiT3xiO- 6 Qcm' 
~C&->tc 0 COJ^C, 4HSiC (0 3 - 3 8 ) o££ 

/cCifc, ±fSOMOSFET^tt<Df^±<;cA#<tF-^ 

[0 06 6] WC 4 C<Z)3mmft(DD IMOSF ETtC 20 

y-h*E0V«(*7«M) OFu-f>»E* 
P)^/c<bC6, {0 0 0 1 } N***Jl/jfilSSD I MO 
S F E T "CI 7 2 0 V , (03-38) N^**;M$ 
SDIMOSFET50"C2 6 8 0ViftO, X#fr^ 
#Ji.6*Xft:. cn«4HS iC {0 3 -3 8 } £JBt>-£ 

«M$n/c^6t*5i^^n^ 0 C©3mmfl<D 

{0 3- 3 8} N*i-*Jl/«E38 DIMOSFET50 
X'te* V- h^ffil 5 V, KW>®±3 .8 Vtl 0 30 

[0 06 7] (*5iafflW) ■Y5j->aAJi«:iSfflL/cm 
5<DW,2, KJB«MESFETr*S- #lfe»if§lcC&5 
*>aL\JI£iSffiUT, H2 0te?J*Ti«JS«MESFE 
T7 0^r«^Urc o j*JS»MESFET7 0©Sjfcfrffi 

[0 06 8] ffl t^catg 7 1 «. U- l J -ffitC «fc o 

tcl&tn&ltZ 1 0 6 Q c m-C* D , H3W2 8O-3 2 0 
/umT'£>6 e S*S7 1 OM^fitt, {0 3 - 3 8 } T'& 
•2> 0 CCDS&7 l±Cc, CVDffiiC<to"CT>K-^<D 
/^77l72a, S5R(N> K-^nS?t*^i7 

2aCOSS8!iK^-afa«l x l O^/cm 1 ^ WSi? 
US/im, ^t^f(?)Ft-Sg«3xiO ,7 /cra 
\ ISIJ0.2ymr«J o CVDffitcJ:a^^77H 
7 2 a(0£ttfiSfi£tttt. feiT^aOr**. iHA** 
m{*7jfcS£, S i H«CCOt>T«:0. 3 0s c cm, C 3 50 
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H B (COC^rW0. 50s c cm, H^COl>r«3. 0 
s 1 m<tU £««K1 5 2 0 o CT'l 2 0 frfflJ&SiZit 
& 0 itc* CVDffitcJ:5?t*MI7 2b<Diftfijtfi 
tTF©»0r*£. 3»A^S*ft«**, S i 
H 4 CCOC»T«0. 15sccm, C 3 H e ^oC»r« 
0. 10 seem, N 2 iC^t^('i2X10- 2 scc 
m, H 2 CCOCiT«3. OslmiL, «»® 1 5 2 

o°cri o»raRRfis«s. 

[0 06 9 ] C©J:5fcbTffWLfcS i Cxf^-> 
■Wl/^-^/BUT, H2 OtC*-rfltjS<DiSSIS[ME 
SFET7 0*fWOfc. *r, Ifi7^ h'JV^7 
?y dCJz^XBf&LtcA 1 (»S 1 .5 urn) 

ws^r, si£f±^*>x^^>^ (r i e) ccj:^r 

m^mcOtcUXOm^mf&btc RIEtCttSF.iO, 
^x^>^Xtcil\ E^0.08Torr. iKJH 

fomtii 2 ow©^ft=rtf o/c„ coDi^©i'>f>^ 

iiS«R6 0nm/minr*!}, 2 0»IBOi^> 
yccfc^rSRSttl .2/imO»*^StLfc. #IC, C 
<DR 1 EfcfllH/cA 1 -7X*£^*-^>^-r£CiCC 
^otYt^A^O^^ib, (N) -Ytf>€r 
ftAL"Cffi»!SnafOV-X««7 4, Kl/-f>««7 
3*JBJ*l/fc. N^t>aA«7 0keV, 40 ke 
V, 25keV, 1 0keV(D4©B-C?Tl^ 

Jttt3x 1 0 15 /cm 2 ^^ o -<*>aA«sa-ctf 
l\ ftA^^>^^Wc^co^lI«TJb^>^X# 

Ba^*i2oo c a 3 o#©*ft=Tif^fc„ 36ft, y 

-X««7 4, KW>«*7 3CD^-Al4mffi<5:Lr 
(Ni : 2 0 0nm) l JV b 3rv • 

:/D^Xttcfc9^£->£ffMl^cf£, 9 0 0°C, 10 

[0 07 0 ] atCC, h*? • 

*ffll»T«tBttV3 ? h + -y- MS7 7£ff5*#L 
/Co y- HSfi^Cctt**W^*:*V£ (Ti:l 
Onm, Pt: 120nm, Au: 3 5 0nm) ^ffi 
K *ffi7 7^rJB^O/ciS. 4 0 0 D C. 2 O^IHOlftjfi 
ffi^rtfoT^a * h*-flffi7 7©$]|{t4BI"3fc > V 
-^1S7 6, KU-f >mg7 5±&C/13 8 0 0 nm<D 
A 1 £**Sb/cf£, GaAsMESFETQfPStffl^ 
eti-5^P-b^6cj:^rAuOxT^y *t*SrfMBU 
y-* - v a >#-£J&ftL/c. fmLitKmWAE S 
FET7 0©y- hfittO .4/2HU y-KaW9 0 0 
Mm, y-^ • HffllElSllttO .4 urn, h • K 
l/-<>lffle«W 1 .2 *zm-C*4. 

[0 07 1 ]:WC, fP«3n/cEI2 OCCiSriBJHiftME 
SFET7 OOmtbc-o^r&WTZo CCtU {0 
3-38} ffl*ffi^*>aAIB*3SfflLfcJSaii(!MES 
FET («T, r {0 3-3 8} »MESFETj 
41^) 7 0CD#tt^r, {00 0 1 } ffi3frft-f*>i£A 
»*jBfflbfcJ«JHiftMESFET (WT, r {0 0 0 
1} IMMESFETj 41^5) itt«LtKWir 
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ttfc, {0 00 1 } WajftMESFETCDUJS^a 
tt, {0 3 -3 8} jftJSiftME S F E T 7 0 ©MiS^ffi 

8At4N,©»l^l x l 0- 3 s c cmr*&ja#fl 

[0 0 7 2 ] fajUfeiWSifiM ESFET©FU-f>» 

ttccttwttatt^airtififpftirtj&smen. mesfe 
Ttoxomwmmztitc mesfetcdjusws: 

KU-<>Wtt*BI2 1 (a)M(b)^f D MES 
F E TOittft^FttOttSaSSi «Ci«E3 > jr 10 
gmtI«4Si, ^hfEOV, KU-f >«EEl 0 
V©ftftCC*«r>T {0 0 0 1} flfSifiMESFETrg 
m = 5 8 mS/min, {0 3 -3 8} ifMME S FE 
T7 0t(igm= 7 4 mS/mm C(DM^it 

<^ceH"T* <!:#*. €>ft 4. fSi^IiSME S F E T(DfE 

Mfitn#4 HS i C {0 0 0 1 } ffir 1 8 3 0 Q/ 
CL 4HSiC {03-38} IT'1 8 6Q/OT'&£ 20 

«4HS iC {0 0_0_l_}_fflJC_8 x J 0" 4 Q c_m 2 ^4 

HSiC {03-38} Mr 3 x 1 0 " 6 Q c in 2 "C^o 
tc a C©J:5K:> 4HSiC (0 3-38) 

*>, ±5B©ME SFETSM±tC^<^U-C^ 
^^^(DFU^>BQE« {0 0 0 1 } BUaiSME S 
FET-C120V, {03-38} WJSiKM E S F E T 
7 0^1 5 5Vt?*^/c u cntt, 4HS i C {0 3 

- 3 8} ffiSrffll^Ciic.fcot, W&l 1 iP?><0-?4 30 

^a^v^6^Kfi©Sifi^rp*iJ3n, sals i 
c&m!6nto6t^4i^if,n^ e £/t, 4H 

S i C {0 3- 3 8} B*ffl^4C£fcJ:-*TJ5£JHHH 

[007 3]^C, C©MESFETO*JH«W14** 

*©aatfTJB«» f t <h«W^JiJ§^ f m a x**»fc 40 
{0 00 1 } H/Si£MESFETT'«f t = 6 . 2 GH 
z, fmax= 16GHz, ,{0 3 - 3 8) ilMME 
SFET7 OriJf t = 1 6 GHz, finax=43G 
Hz t^MhhXi, {0 3 -3 8} ffiJffiftMES FET 

ottmtitdmmmbtitc, «e»3GHzt 

<mmrX h«rffote|S*, iS^-V-fg^ {0 0 0 
1 ) iftjaiffiME SFETT2 . 1 W/ram ( h-*)W*V 

- 1 .8WK {0 3-3 8} Mffl&ME S FET 7 0 
r3.4W/mm (h-^;M7-3.1W) ^ 

t« {0 3-3 8} KJHttME S F E TO^iSl^UJ* 50 
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^#6n/c 0 C(D£*>lt. 4HSiC {0 3 -3 8} 1 

[007 4] (96SfflM) >f*>aAlSraffll/fc9 
6©«tt, X-^-S> + >*S/a> (S J ) *#jgCDfa 
^+-^^Fr*^ 0 *#MJ3CcftS4*>iiAJl 

•*fflt>r*7tt«i (ttWE©*tf*> ^spil-ci^o 

cne^lpn Jg^PSl He jS!M T * «c ti & CO 

»rt©ffin«flf»**Rit"rn«, k y ? h wfi^i 

J; 0 cc ft ^ i*0HE**i?.fi* vffiiSQ'lTr- 3^ 4 * * 
*Wrsc4#tti*S. CCDS J«Jftfri*<^6»D§3 

^ s i f ETomf-cnmit&m&tbti 

Tl>S 0 CCDS Jflfjga*S i CtcS*L/TfeWa(>"C*4© 
[0075]^ S Jiao» 3 ->h*-^Vt-F 

&8 ll-J4tnit, ^-^^a'JS^Ccfc^r^/c^ 
* y-MSSttl -2 X 1 O^/cin 5 , 
2 1 Ojum~C&& 0 C^^-r^TtiJK^lPltcafiKSraK 
■r/c*. SS8 1<D«JS*W, *»o»C^S«8 
l^OW-CiS. COS158 10 {0 3 -3 8} ffi 
±CC, CVDSta-3tg*K-^n®S i Cl^rxt 
**W;UJ&SL/fc. ^ESJi(S^ v ^^Tll8 2 i K y >» 

x l 0 17 /cm\ Ji/¥«2 tim, K V v VMS 3« K 
t-®4xi0 1 Vcm 3 > IKJ3. 5/imr* 
^>o C V DffitC cfcS^ y7 7 f 8 20±tc^ttB, 

«T©a*)t7*5. »A-rsaf*8Hts:, S iH 4 Ko 

l^ri^O. 30 seem, C 3 H 8 OCO^-C(^0. 30 s 
ccin, N 2 CC^C^rtil x 1 0" 2 s c cm. H 2 tCOC^ 
t[i3. 0 s 1 mtb, StSSKl 5 2 0 a Ct'4 5^B] 
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S i PMCOt^TteO. 50 seem, C.H^CCO 
1>TB0. 50 seem, N,JC^t«2 x l 0' J s 
ccnu H 2 teot,>Ttt3. 0s lmil, ffifg^S 1 
5 2 0XrB0»IHffifi3*S. 

[ 0 0 7 6 ] CCDS i CxW *^±K«ECVDffiK: 
cfc^TJ¥3 6 umCDS i O a K*«StLfc. C<0S i 0 2 

amcr>^ ^cr)A^->4Jf^L//c 0 COA 1 ^ 

^>i^>m^tS i O a IK*«tRWK:x** 

S i 0 2 M*vx^iL-C!Sx^jl/+'->f^>aA*?T 
nSfiSfii (K'J7H) 8 3©-SB*pMtcgEft 

^piW83a«Sl/c 0 SA^t>«Al + 
SAx^W-«3 0keV-6 5 00 keV 
©1 5SBT l--jrJUF-X*tt. 3xio 13 /cin 2 

>fS14^fc©fefe<Dfftte3l«TJI/=f>*'^#HSl* 1 6 0 
0-C, 3 0ft<Dm*-C'i7~i?c o Z<DA*>&\VC&r> 
_ T ttg 2 m m _0X> _^ 4 7*ttC0tt A^«.T .2 Hfe ? £ . 
M^*4xl0 16 /cm 3 ©pf (S^3. 5 m 
m) S JfltJt^fiJESn*. 

[0 07 7] C<D<*5teLTft*[LfcS J i^WT-S 
S i CxfH^t^^^»r, H2 3SC^T1# 
®CDS J i/ 3 v h*-#A K8 0^fPi¥L/c o $ 

$ij-r£fc£>&c, ? h + -Sffi©JSIffltc*Il 5 0 u 

JKJSSbfc. B^t>^A©i*^-tt3 0-2 8 0 k 
eVth-^K-Xfiiil. 1 x l o 13 /cm 2 r* 
-Y^>aA©^^^^«, Al (fS4/im), * 
£W2CVDte<fc9^a0rt:S i O.M (J¥25 Mm) 
*fl§t>fc. aA^^>r£ttfto/tit>cD^»fl«T;u^> 

-;KDfI, 1 150°C, 2B#BICD^^ v h BMtfc J: 
ffiWt)K8 7£J&?SU C V D tC J: o 8 0 

OnmCDS i NJS8 8£i£«b/to 

[0078]*tC, XitCNi (il3200nra) 41 
#U 1 0 0 0U 2 0^racDl»toii«:tfoT*-5 ^ 
*«ffi9 0 «r^L/Co ^t, SlM'KcT i /A 1 

(T i : 2 0 Onm/A 1 : 8 5 Onm) «:«»U ^> 

50 ou 3o»iB©j»&a*tf^rs^bS-a- 

/c c 2V*- K©*Bftt#y-Y * K8 9*MLt«8 
L/c * F+-«ffi8 6i^/- K U>^8 4<DS& 
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[0 07 9 ] ;JMC, ff»3 nteH 2 3 tCmT Si 
h F8 OCDtfecot^^T^o CCr 

{0 3 -3 8} ffl*a-f^>aA«*a«LfcS J 
h*-#-f:*-F r {0 3 - 3 8 } S J 

Va^h^-^t-Kj 8 0cD^tt€r, {0 

00 1} DB*tt-r*>ttA»*»ffl0teS J '>3 ^ 
-9 A*- F (WT, r{00 0 1) SJS/3-; h*- 
^•Y*-Fj £C>5> itt«orKfllif 4- {0 
00 1} SJy 3 >; h*-^*-K©«»#a;». 
10 {0 3-3 8} S J V 3 y b*-#A*~ K8 0O$«ig 

#S(SiC»Ar-2>N,C3r>Sfc«7&i8 x 1 0' 2 s c cmT* 
h!8 3 £e£S3*I±£^c®A"3*5N 2 0 
SBfctfl x l 0' z s c cm-C*6 ( ^Rft4. 
[008 0]B24tt, SJ^3>;ht-^^t-h' 
(3 mm*) 0«ffiWa«8fc-«E«Ftt4^-rHr* 

fflKO. 5-0. TmQcm^l^MWfl^n 

20 fittt* 1. 0 2-1. 0 5*^*9 WSiSSB {0 0 0 
1} SJ'>3*; — K"C 1 . 09eV ( {0 

. 3-3 8 } SJ Va 5t.fr*-.5L-<-*-_K.8 Ori, ,1..8_ 

^fiiCj:oTA^^^M6n/c 0 {0 0 0 1 } SJy 
3^h+-^t-FtU fgffi^5 8 0V, ^ 
ffltEE#3 6 2VfcSS^Tl>4<DK:*f U {0 3- 3 

8 } SJ^3^ h + -^t-K80 Ti*. «HfWff*« 
76 4V, TOHE#6 12Vi4:»), «tifc«M4#W 
6n/c 0 Sfc, itjE/ctt"C&< ,-3 0 0 VWfim<DV 

30 -^mfiEffifiCD^ti^mffiiSSamm*©^^^- F 
TtmiT6t, {0001} SJ^37K-^'-ft- 
rai3xiO- , A/cm\ {0 3 -3 8 } SJy 3 
y b*-#At- F80TOlxio- 4 A/cm J i^ 
K)s =m&±.<Dmm&>t>titc. CftB, 4HSiC 
{0 3-3 8} ffi4ffit^CiiCj;ot, tt«8 1^5 

4HS iC {03-38} ffi*ffll^CiCC<J:o 
r. iSS^ci, Sa f -Y*>aAtc < fcr ? Tj&fiE3n/cS J 
40 SP, REX#- K T ;>^8 4Spcr>^ffl«|4^H< &0, ^>a 

9 H*-«S/s i cwirosiiwgi^n^i 

B A * >a ACC <t o "C K 'J > ^ 8 4 * JKfiS L t 
A 1 -Y*>aA*fflC»fc»^r*>l5ia(Z«9*}W*S. A 
*>&A1tC£-iXBf&$fttcS J «^44HS i C {0 
3-38} MOSFETfCiiffl-rntf, KWff, Ifitt* 

[oo8i] jh±, ~4^ftwommmmc^TUMici& 

50 Tttttl*. 
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[0082] ±t&mimic*s^xi* % mm <n> . m 

(P) , TJU* (AO, from (B) ^ft^ftAL 
s) (Ga), -f (In) ^<D±i!B 

[0 0 8 3 ] 

[#69!©58!jS] *3%l8tcJ:n«. (0 3 

-3 8} ffl*6l 0° «rtC0ftRaO3i-7ftS:WTSffl 
6 c & cc J: -3 r . teS©SL*i#4> Sc i W * > 

a a m * nsr 5 c i *jt? # * . 

[0 1] -/*>&Wi*ttlBr*«:«>©H'C*S. 

[S2] -r^>aABoRBsx-<^ h^Tjrria-c* 

€>. 

[03] ^^>ffiAH<D->- HBSOiUF-XilSff 
[04] -Y*>aAIBCc*jWittA^*>©««««gtt 

[■ B W *>ttABO^)ttJSCi^©T^-^Sg«c# 

J4*iST@r'*&_.. ... 

[0 7] ^*>ffiAIBOV- FffiftcD&A»T--^S 

[0 8] ^^>ftAil(DSftitgCT:*oaA/lT^->iua 
K«m[££^0r#>£ o 

[09] ^^>ffiAH^iaffl3^fc^3 » h*-^-f* 
[010] ^3 h*-^*- F<D«*-*E0*tt* 
[0 l l ] y V*-#4*~ FOWEE © 
[01 2] -f*>aA»*saSffl3tlfc^U-^a[pny: 

[mi ] 



L6) ^2 00 2-26 1 04 1 

30 

* ^*-F*7*-riar**. 

[013] ^U-tSpn^^-F (3mraft)cDI 
[0 14] yu-tSp n ^- F^I^'IMfi 

[015] >f4->aA«^afflsn/cN^ + *;useM 

OSFET«r7jr-rSI"C*S. 

[016] N^ + *;U5KMOSFETC[>y- M*1*£ 
10 ^t@t*^ 0 

[017] j*ismAmi3mm2titcN*+*jmmD 

I MOSF ET%7S*rBlT»So 

[0 1 8 ] fi F W >*E««tcfcW4«SD I MO S 
FET (3mmft> © F U A >SM^t@t^ 

[019] iS F U -Y >mE.ffiM(<ttott Z>mM D I MOS 
FET (3mmft) CD F U ^ >SM^ti"C* 3 D 

[02 0] ^^>ttAJB^jSfflSn/c«/gifiME SFE 
T£7jrr0r&£ o 

[02 1] (a), (b) tt % Bjg»ME SFETOH 

20 swteF^>f>»tt**-ria-r*5« 

[02 2] KHiSMESFETC0*H«1#tt**>- * 

[02 3 ] ^*>&AJf* s aJB3ftJfeS J ^3 * h + - 

[02 4] S J -> 3 •> h + F (3mm*) © 

Sift - WE «tt*7*r HT* £ 

10->3 7F+-^t-h\ 1 1 12-i 
30 $F-7'nIS iCl, 12a-A 9 77i, 12b- 
F 'J7 14-^-FU>^ 16-^37h+- 

m& 17-^^5 f, i8-t-^^ia 19 

[015] 
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III) till 111 


i i — i — 1— i — 



-1 0000 -800 -600 -4O0 -200 0 1 2 3 

£ EE(V) 



(51) Int. CI/ S*JSUiB# 
H 0 1 L 29/78 6 5 2 

21/336 
21/338 
29/812 
21/329 
29/861 

(71) fUBHA 000005979 

vmttTRme&LOft 2 rm 6 s 3 # 

(72) ^* e« 

^HRJffKfflrPJORBT 1-6-19 



F I 

HO 1 L 



29/78 



29/80 
29/91 



7-73-K (##) 

3 0 1 B 
3 0 1 Q 
6 5 8 A 
B 
A 
F 

4G077 AA03 BE08 DB01 EDO 5 ED06 

FD02 FE11 TK06 
4ML04 M03 BB14 CC03 DD26 FF35 

GG03 

5F102 GB01 CC01 CD01 C302 CR01 
G502 GS04 GT03 HC01 HC07 • 
HC16 

5F140 AAOO M27 BA02 BA16 BA20 
BE02 BE03 BE07 BE17 BF01 
BF04 BG28 BG31 BG38 BH21 
BJ07 BJ11 B315 BK13 BK21 



